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BLISS OF, 22, PATE ROW, annum, Postage 

India, Persia, &c.), Your: D, Var 23, Murray Street, and 27, Warren Street. Panis: 

_ Madame Vauva J. Borvaav, Librairie Etrangère, 22, Bue de la Banque. BERLIN : A. Asumun & Co, , 5, Unter den Linden. 


SLEGTRIG LIGHT,—CENTRAL STATIONS | 
| 


and PRIVATE INSTALLATIONS fitted complet. / 


DNAMOS. ALTERNATORS & CONTINUOUS CURRENT / 
CHINES—KAPP’S PATENT, Blectric Bells, 
The KAPP “CENTRAL STATION” DYNAMO. 
Arranged for Direct Coupling or Belt Driving. INSTRUMENTS, 
“KAPP-WILLANS” COMBINATIONS, LIGHTHING 
Two-Pole, or Multipolar Type. ARRESTERS. 
Dine Lanes. MAKERS OF THR BATTERIES. 
“ BROCKIE-PELL,” for & 
CONTINUOUS and ALTERNATING Bichromate. Leclanohe, &c., &c., 
CURRENTS, Zine and Carbon Pilates, &c. 
camo Ÿ ACCUMULATORS 
. SINGLE or DOUBLE ‘CARBONS, | 
MARIN UNDERGRO IMPROVED DESIGN, 
LEADS. TORPEDO, HIGH RATES 
| OF DISCHARGE, 
POLES. INSULATORS, 
FITTINGS, &c., for TELEGRAPH, 
TELEPHONE and 
| ELECTRIC LIGHT purposes. | 
JOHNSON & PHILLIPS’S Patent 
| FLUID and TERMINAL INSULA 
SISTEM of INSULATION ordinary form, in Porcelain or Brownware. 


UNDERGROUND MAINS. 


CABLE MACHINERY AND _— 


Of all descriptions, for the complete equipment of 
TELEGRAPH CABLE FACTORIES and YESSELS, 
including Stranding, Closing, Tape, Yarn & Compound 
Serving and Rubber Covering Machines, &c. 
PICKING-UP & PAYING-OUT MACHINERY, Dynamo- 
meters, Bow and Stern Gear, Cable Tanks, Telegraph 
Buoys, Grapnels, Centipedes, Mushrooms, Rope and Chain 
Fittings, Cable Leads, Cable Drums, Hauling Gears, Splicing and 
Jointing Tools, &c., &c., Steam and Hand Wire Sounding Machines 
for Deep and Shallow Water. 

Sole Makers of TROTT & HAMILTON S PATENT GRAPHEL ROPE 

and TROTT & KINGSFORD’S PATENT INDICATING GRAPHEL. 


a 


TELEGRAPH PLANT AND “MATERIAL. | 
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M 
SILVER MEDAL, INTERNATIONL : MLEOTRIO | 
¥ 
Inventions Exhibition, 1886, GOLD BEDAL tor Machinery, SILVER MEDAL for Cables Wings 
De ¥ 


Specially | 
Electric Light 
Cables and Maltin 


Silk and Cotton 
Covered WIRE and im 
TAPE of all Sizes 


R. 


CABLES 


OF EVERY ° 


BEST QUALITY AND VALUE. 


PROMPT DELIVERY, 


FOR TOWN LIGHTING. | 


Glectrical Wire and Cable Makers, 


: 


LIMITE D, | 
16 UPPER THAMES ST. LONDON Ea 


19, Tithebarn Street, . 4, John Street, 
LIVERPOOL. GLASGOW. 


ELECTRICAL ENGINEERS & CONTRACTORS 


ELECTRIC LIGHT FITTINGS; 
Bells, Indicators, 
LIGHTNING DUCTORS, 


SPEAKING TUBE FITTINGS, | 
SEND FOR ILLUSTRATED LIST, POST FER 


ELECTRIC LIGHT ENGINES 


Over SSO installations, 


STEAM SHIPS, WAR VESSELS, FACTORIES, MANSIONS | 


AND CENTRAL STATIONS, — a 
HAVE BEEN ENGINED BY Bas 


' | Patentees and Sole Makers of the ACME GOVERNOR. Hunt . in 
| use for Electric Light Engines. Send for Lists. 


From 19 LEE. mie "Telegraphic Address: “SANDON, MANCHESTER.” 
| 


LONDON: 10, HATTON GARDEN, EC. 
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Où 
36, SOUTHWARK STREET, 


LONDON. -. 
Works —EWER STREET, 


No. 8130. 


ONLY OIL used last three years by the TS 
. Electric Installations in London, 
Samples sent on eon. 


SUCCESS BUARANTEED. ‘TRL SOLICITED. 


Price 2s. 9d. per rGallon. | 


Our où is now the principal 
Electricians, and is also suitable for 


-§$HAFTING, ENGINES, 
AND GENERAL PURPOSES. sw 


| Contractors to Der Majesty's Government à Rathway Companies 
PATENT GALVANISED TELEGRAPH WIRE. 3 


d 
PEERS OF THE ASBESTOS TRADE, ASRESTOS PAPRR, tor Dynamos, tee ofthe 
. ASBESTOS FIRE-PROOF PAINT, for protecting wood- > 


mene, The ONLY COMPANY _ work, troughs for leads, àe. | Specify“ SALAMANDER” Brand. 
NT SRN wning ASBESTOS MILLBOARD STRIPS, for ditte. Depôts: NEWCASTLE-ON-TYNE, Quay Side; 
a in the World © FINE ASBESTOS THREAD, for covering wires. . MANCHESTER, #4, Deansgate; LIVERPOOL, 

_ Mines in both ITALY PATENT SALAMANDER LUBRICANT, for Dynamos, de. Square ; ‘BRISTO Buildings, Clare 


and CANADA. PACKING, HON-CONDUCTING COVERING for Bollers, Street ; ST. 


FREDERICK 


CALEDONIA ‘WORKS, 


BEST RHFINHD THLHPHONEH WIERE. 


100 Ib. COILS, HIGH CONDUCTIVITY. | 


PEOIALITY “TELEGRAPH WIRE, TO ALL SPECIFICATIONS. 


Conds 
GALVANISED HARD 


nerd conduetivity—long lengths. ‘COPPER | WIRE | and TAPE for 
"COOPER WIRE, all sizes for covering. STRAND WIRE all kinds. 
STEEL STRAND for Mechanical Telephones. ÿ 


WIGGINS & & PONS,” ia, MINORIES, LEON DON, M GC A 
CA MERCHANTS, [Telephone 
Manufacturers of Mica Goods for Electrical and ALL purposes. | = 
CONTRACTORS TO HER MASESET'S GOVERNMENT. | 


Wm. M. FOXCROFT 
(Successor tothe late. W. Feworoft, also P. Lucas), 


=| Telegraph and Telephone: Case Manufacturer, 
“166, FLEET STREET, | 36, PEROWAL, STREET. AND), SMITH STREET, 
a ON DOM. CLERKENWELL, /LOND ON, E.C. 
| PAMPHLET OF COSTS GRATIS. | Photometer, Telephone Cases, Battery Boxes, &e., Re. 


ERS PA 
FORTY-TWO YEARS’ SPECIAL PRACTICE | FRIES, MEDALA, LONDON, 


51804.) THE TELEGRAPHIC JOURNAL AND ELECTRICAL 
Ber OT CUE | 
Fe ith VisibleDrop Feed. 
| 
ie. | | | | 
| \ 111: | 
{ À “1 
+ C ù | 
| \ | | 
| 
|= 
| 
Te ; For use on Dynamos and | 
High-Speed Engines. | 
| | | | 
| 
| 
| 
| 
| 
| | 
BOBURG, GC MC JVOr. | 
| 
| 
| 
| 
| | 
| en PATENT OFFICE | 
| | 
| 
166: | 
| 
| 
- on | 
"ENT OF | 
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GOLD MEDALS 


TELEGRAPHOG JOURNAL AND REVIEW. 


COMPANY, LIMITED. 
Offices :—27,. Martin’ Lane, Cannon: Street, London E.C. 
ef 
SUBMARINE CABLES, 


SPECIALLY ADAPTED FOR 


AND FOR ANT. WORK WHERE UNIFORMITY OF SPEED IS DESIRABLE. 


= 
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1886; LIVERPOOL, 1886. 
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ON APPLICATION. 


WILLIAM THOMSON'S ELECTRIC INSTRUMENTS. 


STANDARD ELECTRIC BALANCES, of guaranteed à accuracy, to measure from 0°01 to 10, 000 Amperts 
DIRECT-READING AMPERE-GAUGES, suitable for installation work ,,. O° 36 to 500 
tg » ELECTROSTATIC YOLTMETERS, suitable for installation: 

' work, or as Laboratory Standards, use no current: ET 
and have no temperature error, to measure 50 100,000 vas 
: » . ENGINE-ROOM VOLTMETER, with large Scale Divisions — | 
= MARINE or PORTABLE: YOLTMETER, suitable for Ship installations. 
NEW ELECTRIC SUPPLY METER, comprising INSPECTIONAL AMPEREMETER ; range from 1 to 200. 


ILLUSTRATED PAMPHLET, with fall description, may be had Post Free on application to the Maker :-— 


JAMES WHITE, 16 20, ÉLASGOM 


ELECTRIC LIGHT INSTALLATIONS 
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| ELEOTRIO LIGHT | | CA 
| | 43 
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| sb | 
| | sa R D DYNAMO WIRE | | 
. 
S | 
| Silk Covered Wire, | 
G Comps, > at 
AND 202 | | 
TELEGRAPE ELECTRIC LIGHT CABLES. TORPEDO, | 
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PATENT SHADE CARRIERS. 


SEE ASS 
‘ 7 

(4 
11 + 
L \ | 
/ À À 
\ 
be 

A 


For Alternating or r Direct Currents. 
ra 3 THESE INSTRUMENTS HAVE THE FOLLOWING ADVANTAGES: 


“They do not require to be set to zero, and will read equally well in any position. 
There are no permanent magnets or blocks of iron, and, for this reason, when once 


|. they are graduated they remain always accurate. 


"The movable and fixed patts of the magnetic circuit are extremely sensitive, and 


| are so designed as to increase the deflection of the index through 180 degrees, giving'a 
| very open scale, and facilitating the readings. 


The current can be reversed in the instrument without altering the direction of the index. 
: The instruments are not influenced by the presence of magnetic bodies. à 


PRICHS ON APPLICATION. 


4, VICTORIA. MANSIONS, WESTMINSTER, de 


And 67, PICCADILLY, W. 


LIMITED, 


66, VICTORIA STREET, LONDON, S.W. 


Works :—BIRMINGHAM. 


SWIT C H E S, POLE. 


On Slate or Porcelain bases a srl Tension. 


BATTERY ANY SIZE, 


| . CURRENT CARRIED THROUGH PIVOT. 


PLAIN FITTINGS, 


* ‘Large Stock for Immediate Delivery. 


SPECIAL DESIGNS MADE FOR THE 


LA 


‘SEN D FOR PRICE LISTS. 
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= ASE. ENG YF. AN D. 


SOLE MANUFACTURERS UNDER LICENCE MANUFACTURERS OF 


| MAGNETO BELLS, SWITCH BOARDS, 
FLETCHER’S WATCHMAN’S TELL-TALE ANNUNCIATORS, &c., . 


CAs largely used by the LAN. W. Rallway and other Companies) BATTERIES OF ALL KINDS. | 
THE BLAKEY-EMMOTT DYNAMO. Bek and Mores 


WARBURTON AND CROSSLEY'S RELAY. INSULATED WIRE, 


| EDMONDSON'S CALCULATING MACHINE, SEMAPHORE AND LIGHT REPEATERS, | 
Silver Medal, Inventions Exhibition. ELECTRIC BELLS AND INDICATORS. 


J.D. F. ANDREWS & C0. | 
SPECIAL CHARCOAL IRON SHEETS. DYNAMO PLATES. TRANSFORMER STAMPINGS. 
we TURNER BROS., sets noi 


Wrought Iron Magnet Forgings. 


Sheet Steel, Tool Steel, Files, &c. 134, Upper Thames St., LONDON. Brass and Copper Rods and Tubes, | 
_ Bar Iron & Steel, Hoops, Plates, &c. I RON AN D STE E es Wrought Iron and Steel Tubes. 
 EXCHLSIOR 


THOMAS BARBAOLOUGH & 00, | ELECTRO-PLATING DYNAMOS | 


Makers of all the most Improved Machinery for Electric Wire and 
, e., For Nickel and Silver Pla Electro- 


STRANDING AND ES OF EVERY SIZE AND DESCRIPTION. PRICES FROM £6. Numerous Testimonials. 
Globe Works, Rochdale Road, Manchester. ee | VATS, ANODES, AND COMPLETE OUTFITS. 


[ESTABLISHED 1900.) CARL OPP ERMANN, À, Wynatt St. clerk 


(AGGLOMERATE BLOCKS). 
TALC, sites, pencils ; MICA, lump, cut, and powdered. Clectrical Gugincers & | 
GEO. G. BLACKWELL. 

Works: GARSTON. Chief Office: 25 & 27, Irwell Chambers, LIVERPOOL. 
LIVERPOOL" ‘TELEPHONE 4 


GAR EE O NS. 


H. & F. CHAMBERLAIN, 


Manufacturers of Pure Carbon Points, Tubes, Filters, 
Cells and Battery Plates of every description. 


Works: BARNSLEWYV. 


Telegraphic Addres:—“CARBON BARNSLEY.” 3398 


— COMPLETE PLANT FOR ELECTRIC LIGHT 
AND TRANSMISSION OF POWER. 


| Contgastons for the erection of 
Telephones, 


‘ELMWOOD ELECTRICAL WORKS & |, BOND PLACE, LEEDS 


ANDREWS PREECE, 


ELECTRICAL ENGINBERS & 


MANUFACTURERS OF THE 
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ARC LAMPS, SWITCHES, &o. 
nd prepared toto charg on apple 


BOROUGH MILLS, MANCHESTER ROAD 


BRADFORD. 
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1801.) TELRGRAPHIC JOURNAL AND RLECTRICAL REVIEW. 


WOODHOUSE & 
WIRING TABLES. 


These Tables have been constructod to assist Electrical Engineers in the selection of cables 
for the various currents which they are required to carry, and the form of the Tables is so ‘ 
designed that the correct cables may at once be selected, taking into eee me 
current-density and the fall of E M.F. 
PRICE.— Paper, is. 0d., post free is. 24.; Mounted and Glazed, is. 6d., post free is. 9d. 
Bound in neat Cloth, for Pocket, 2s. 6d., post free 2s. 9d. 


Printed Directions how to use the Tables are issued with each copy. , À | 


THE ELECTRIC, RAILWAY.” 


“MUN ICIPAL LIGHTIN G.” 
BY FRED H. WHIPPLE. 


New and original Books, designed to inform a practical po without 
the use of difficult technical ter | 


WOODHOUSE & RAWSON UNITED, Lro, 


88, QUEEN VICTORIA STREET, LONDON E.C. 
_ 41, PICCADILLY, BRADFORD, YORES. 
CORNBROOK TELEGRAPH WORKS, MANCHESTER. 
STRAND WORES, CHISWIOK, W. 
UNION FOUNDRY, KIDSGROVE. 


Awarded the GOLD MEDAL of the Society of Arts, in Competition, 1889. 


ENGINE. 


UNEQUALLED FOR DRIVING ELECTRIC.LIGHT MACHINERY. 


Sizes from 1 to 150 Indicated Horse Power in ONE Cylinder only. Also SPECIAL 
DOUBLE Cylinder Type up to 300 Horse-Power, 


SIMPLE, 
RELIABLE, 
ECONOMICAL. 


Numerous High Class 
Testimonials, 


FULL GUARANTEE GIVEN 


WITH EVERY ENGINE, - 


— 


Work equally well with 


COAL OIL OR SSS 
WATER GAS. — 


SOLE MAKERS 


DICK, KERR & co, Limited, London, Bristol and Glasgow. 
LONDON SHOWROOM —16, sun Victoria Street, EC. 


Works KILMARNOCK. 
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OVERTYPE 
Slow Speed, No Sparking, 
| _ Inexpensive. 


T TELEGRAPHIC JOURNAL AND ELECTRICAL REVIEW. 


[May 29, 


JOHN WHITE 


* ‘Tanners, Curriers & Leather Merchants, 


PARK ROAD LEATHER WORKS, 


BINGLEY, YORKSHIRE. 


AWARDS. 


; Paris, 1878; Bradford, 1882; Amsterdam, 1883 
d, ps International Inventions, 1885 
Saltaire, 1887. 


ES patent V or Triangular and 
=, Square Leather Ropes. 


® Specialities 
x) _ For Electric Machinery. 


Machinery in the Electric Light Department of the Inventions Exhi- 
bition, 1888, and again in the same Department for the Colonial 
Exhibition, 1886. 


FOR DRIVING THE MACHINERY IN THE ELECTRIC LIGHT 
DEPARTMENT OF THE 


INTERNATIONAL INVENTIONS EXHIBITION OF 1886. 


The foll particulars relating to a portion of the Main Belts for Driving the 

in the Electric Light Department of the International Inventions Exhibi- 
tion of 1885 may be of interest, showing such combined results in Belt Driving as 
‘have probably never been previously attained :— 


Width. 


No. 1—70 feet x 10 inches ee ee 


120 L.H.P. 
No. 2—78 feet x 15 inches .. .. 2,585 feet _,, ae 
No. feet x 16 inches .. :. 3270feet » ( TOTAL 
©. 4—86 feet x 24 inches .. .. 2,585 feet pa oo BO in LEP 
0. 5—88 feet x 15 inches .. .. 2,585 feet 
wo, 6—86 feet x 15 inehes .. 2,585 feet  ,, 


JOHN WHITE & SONS supplied the Main Drivin Belta 


THE BRADFORD TECANICAL SCHOOL EXHIBITION, 1882. 
HUDDERSFIELD ,, 1888, 
SALTAIRE EXHIBITION + - - 1891, 


Being awarded GOLD MEDALS ON ALL THE OCCASIONS a 
efficiency, 


ELECTRIC WIRES: 


Insulated Wire and Cables 
of every description for 
Electrical Instruments, 
Dynamo Machines, Electric 


UNITED | | 


14a, Clerkenwell Green. London, EC. wm 
EX THORPE, 


MAKER OF EVERY CLASS OF + 
Hevew, Germinal and Qurned Parts, 
any Description of 


ALROTRICAL OR MECHAMIGAL AUTOMATIC MACHINES 
SOLE MANUFACTURER OF THE ENGLISH REMINGTON TYPE WRITER, 
Ab High-Cyheels Out to die in fron, bte, or 
OPEN TO TAKE AGENCY FOR ANY MECHANICAL OR ELECTRIC MAGHINE. 


Works: 34, Eagle St., Red Lion Square, 


TAYLOR, TUNNIGLIFF & C0. 
EASTWOOD, HANLEY, 
Manzfacturere of eS 
PORCELAIN PARTS FOR | 
LAMP HOLDERS CEILING ROSES. | 


SCREWED SWITCH BASES AND COVERS, 


cuT-ouTs, © 
SAFETY JUNOTILO 
And Specialities for Electric Lighting. y» 


Possesses more than Double the Capa- 


THE VICTOR TURBINE 


Two S3Oinch Victor Turbines fixed 
on a Horizontal Shaft, and giving ont 


Size Per cent. over 500 ELP., are at work driving 

of other Water Wheels of same wheel. — HP. useful effect. 
yam AaB and has produced the best 9017 .. ‘2083 THE LARGEST DYNAMO IN THE 
results on record, as shown in the 72000 WORLD for Messrs. the Cowles Elec: 
tollowing tests at Hi Holyoke Testing trio Smelting Company, Lockport 
WITH PROPORTIONATELY HIGH uiviguuor AT PART-GATE, N.Y., and Two 12-inch giving out 


Such results, together with its nicely-wor ving 
construction, — commend i the” 


ts, and send for eatalogue 


FREDERIC NELL, 16, Mark Lane, LONDON, E.C. = 


and simple, strong, and durable SSSR 
ese eels superior workmanship and + and of th best j “ATH 


166 ELP., and driving a No.8 BRUSH 
DYNAMO, for the Aspen Electric 
Company, Aspen, Col. 


NEW PRICE LIST, POST FREE, 64. 


WIMSHURST INFLUENCE ELECTRICAL MACHINES 


Of New and Improved Pattern, with and Le Glass Ones, double or quadruple plates. Acknowledged to be the best finished 
most efficient machines in the er ee 


Bells and Indicators, Gas Lighting ! M. B. Patent Pocket Galvanometers 
Depres-D'Arsonval and other Galvanometers, Resistance Coils, Metre and Wheatstone, Bridges, Morse 
__ Sounders of special pattern, Lightning Conductors supplied and erected, and thorough efficiency guaranteed. 


Telegraphic Address: “KINGHAM BRISTOL” : 


Specially Compiled List of Electrical Publications, Post Free 2d. 


ELECTRICAL ENGINEERING 


BRADEFORD, 


’. MATTHEWS. 


CONSULTING, ELECTRICAL, 


PATENT SHORT ARC LAMPS. 
HORIZONTAL DYNAMOS. 
VERTICAL 


High Efficiency, 


[Limited.] 
MECHANICAL ENGINEERS 


ELECTRO MOTORS. 
ELECTRIC MINING PUMPS. 
ELECTRIC LAUNCHES. 
MEASURING INSTRUMENTS. 


/ 


GOLD MEDAL AWARD. 
CATALOGUE AND PRICES ON APPLIOATI 


| 
Bells, Telephones, Eleotri 
| Col | 
Telegraphic Address: 
| “ WHITESON’S, BINGLEY.” | 
| rs 
LT a 07 al 
° Selected by the Executive Council tesupply the Leather Belting for the ) 
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‘Newcastle Exhibition, 


SOLE MAKERS OF 


99 1891. THE TELEGRAPHIC JOURNAL AND ELECTRICAL REVIEW, _ix 
FR. HORNSBY. & SONS, Lr. 
| ESTIMATES 
L Post free on application 
| . Spittlegate Iron Works, 
GRANTHAM; 
. 4, LOMBARD STREET, = 
PERFECT GOVERNING A SPECIALITY. ii 
ENGINE FOR LIGHT. 


JULIUS SAX 


eTABLISHED i855), 


FLECTRICAL ENGINEER, AND ELECTRIC LIGHT CONTRACTOR, 


dE: : RIDGMOUNT STREET, STORE: STREET; LONDON, W.C. 


SPECIALITIES —Electric Bells, Burglar. Alarms, Patent Automatic Fire Alarms, 
- Watchmen’s ‘Clocks, Water Gauges, Electric Indicator and Light. for one Billiard 


Markers,’ Gas Lighters, Lightning | Bells for 
Stations, General Electric Lighting. . | | 
_ ESTIMATES FREE ON APPLICATION. | at 


INERINGE No 


PARIS EXHIBITION, 


iss7. 1889. 


PRICES AND PARTICULARS" 


“SUNBEAM” ON APPLICATION. 
14, FENCHURCH ST, EC, U.P. 4,000 GP. GYCLOPS, LONDON.” 
LOW : RESISTAN CE. 
as 


= | 
+ 
| 
0, | ; 
im 
| | 
ts, | | 
)., 4 
| NA | 
| 
| 
3 
| Se SA WWE A 4 > Vw ON | 
(IS VY, | | | 
| 
SILVER ‘MEDAL, SILVER MEDAL, | 
| 
| 
| 


4] à 


THE TELEGRAPHIC JOURNAL AND ELECTRICAL REVIEW. 


BEST WIRE 


# 7 


PHOSPHOR 
CASTINGS, 


“Patt | 
‘Phosphor Bronze 
fm Springs, Ropes, Screws, 
Rods, Sheets, Bearings, Bushs, 


+ and other wearing parts 
of Machinery 


Wire of Great Tele sgh 
and High Conductivity for Telephon 


BEWARE OF SPURIOUS IMITATIONS, FALSE REPRESENTATIONS, AND INFRINGEMENTS OF OUR PATENT RIGHTS, 


RELD EEO TEE ES, 


12, Wharf Road, City Road, London, N., 
“TELEGRAPH, AND PNEUMATIC ENGINEERS AND CONTRACTORS | 


FOR THE SUPPLYING, ERECTING, LAYING DOWN AND MAINTENANCE OF OVERHEAD AND UNDERGROUND WIRES FOR 


TELEGRAPHS AND ELECTRIC LIGHTINE 


COMPLETE ELECTRIC LIGHT INSTALLATIONS. 


PNEUMATIC TUBES FOR THE TRANSMISSION OF PAPERS, &., 


FITTED WITH ENGINES AND PUMPS COMPLETE. 
REID BROS.’ “PATENT” PNEUMATIC CASH SYSTEM for the transmission of COINS, &c. — 
Makers of Radcliffe’s Pateot Electrical Signal-Locking Apparatus, and Patent Electrical Passenger and Guard Communication. — 


CONTRACTORS TO H.M. GOVERNMENT FOR SUBMARINE MINING APPARATUS AND ALL ELECTRICAL 
TESTING AND TELEGRAPH INSTRUMENTS. 


Manufacturers of Submarine Cables, Wire, Iron Poles, Instruments, Batteries, Insulators, and Stores of every Description. © ” 4 


“ii JS STREET 


4 RA. I) LEON N D JON. W.C. 
AES MQ NV 


M | 


Be And all Electrical Purposes. PAR 
Patent Siliciom- | 4 | 
 &e. 
| Bronze and Silicium Copp À 
& and Telegraph Lines & ot | 
OF the British and Colenial Patents, 
O THE PHOSPHOR BRONZE €0., 
Q 87, Sumner Street, Southwark, London, 8.E. + 4 
WHOLESALE «MANUFACTURERS * OF | | | 
| | CUE | 
| | NZ | | 


): ELRCTRICAL 


THE TELEGRAPHIC JOURN: 
DORMAN SMITH. 
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| DAVEY, PAXMAN & Co., Engineers, COLCHESTER, 


Will fit on to any existing electric lamp 
DECREASE THE LIGHT. “Y 
53, BERNERS ST. LONDON, W. Works:—WELLS MEWS. telephone son. 
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SON'S 
ELECTRIC LIGHT FITTINGS. 


SPECIALITIES IN DOMESTIC 8, BERNERS STREET, 


and Lateral Counterweight Pendants, Picture Lights, Adjustable Reflectcrs, Fittings 
converse wl ot abe Works: 9 & 10, NEWMAN À 


TERLOCKING THE LOCK AND BLOCK. 


and fro Award), 


SAXBY & FARMER, Railway Signal Road, KILBURN, LONDON, NX. 


Devote special attention to 
| STRAN : “ENGINES AND BOILERS REQUIRED FOR ELECTRIC LIGHT INSTALLATIONS 


Telegraph 
PAXMAN, CO CH&STER” 


.P. » Engines are the D. P. & Co. have been & 


DAVEY, PAXMAN & CO. Engineers, COLCHESTER. i 
Lowpox Orricz: 78 [late 189], QUEEN VICTORIA STREET, E.C. | 
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SINGLE CYLINDER AND COMPOUND ENGINES. | 


Efficiency, Simplicity, Durability, Extra Large Wearing Surfaces, mde “Fil 
Lu bricating Arrangements. Perfect Accessibility for 


sf 


SPROIAL. TERMS TO THE “TRADE. | 


Works: LAMBETH, LOUGHBOROUGH AND VIENNA. 
Head Office : 112, BELVEDERE RD., LAMBETH, SE 
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_ 80 & 81, St. Swithin’s Lane, LONDON, E.C. 
Telegraphic Address: “ Srmpozizæ, Lonpon.” Cable ‘J OCANTRY, Lonpon.” 


| STAMPINGS 


AND FOR ALL TYPES OF DYNAMOS AND TRANSFORMERS. 7% 


Prices will be promptly dealt with on receipt of specifications. 


Ledsam Street Works, BIRMINGHAM. = a | 


MANU FACTURERS OF | 


OPEN DOUBLE-ACTING 
“ENGINES 


PLAIN AND COMPOUND, 


FOR DRIVING DYNAMOS DIRECT. 


INDEPENDENT: ENGINES 


peivind DYNAMOS BY BELTS OR ROPES, 
AND WITH 
SURFACE CONDENSERS, AIR AND CIRCULATING 
| PUMPS IF $0 REQUIRED. 
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Hiew-Crass STEAM BOILERS COMPOUND. 


4 _. Gireuits, kindly favour us with an enquiry, 


Office : 


M, QUEEN ICTORIA THE TELEGRAPH MFG. 
~-HELSBY, near WARRINGTOW. 


‘ARMATURE DISCS | 
of Centre Hole | 
and keyways. Shapes & Gauges. 


ALL OUR STAMPINGS ARE SUPPLIED FLAT, FREE FROM BURRS, WELL ANNEALED AND TRUE TO GAUGE, AND IN 27 avers 
SUITABLE FOR ELECTRICAL PURPOSES. 
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THE PAISTE 


Record: 100,000 in daily use. 


The movement breaks and; completes 

Bic À | de circuit in an instantaneous manner, . 

preventing arcing or charring of the con- 

‘4 tact parts. Mounted on China, with cover. 

ES and handle of same material; also on 

Porcelain, with cover. Correspon- 

10, UNION MEWS, UNION STREET, MIDDLESEX 

THE INTERNATIONAL OKONITE 
= MANUFACTURERS OF EVERY DESCRIPTION OP 

INSULATED WIRES AND CABLES, 

OKONITE, VULGANISED — ‘GUTTA-PERCHA AND COMPOUND. 


Improved Laminated & Ciukiwand Strip for Dynamos. 
| SPECIALITIES IN FLEXIBLE CABLES AND CORDS. — 


| TE Company’s Factories at Passaic, U.S.A., and Newton Heath, APRES are the largest and most 

complete insulated wire works in existence, and the machinery employed is the result of many years’ 

| experience, both British and American. The Company are the actual manufacturers of the wires and cables 

_ mentioned in their Catalogue, which will be sent poe frée on application. Conductivity ane insaladop Le 
every class listed are guaranteed. 


CONTRACTORS FOR CENTRAL STATION INSTALLATIONS 


À | | | EUROPEAN AGENTS FOR _ 
’ | The N Ew YORK BELTING & PACKIN a co. Ltd. 


| MECHANICAL RUBBER GOODS OF EVERY DESCRIPTION. 
ee | | A. VAUGHAN-STEVENS, Managing Director. 


- ADVANTAGES CLAIMED :—Polarises slowly and depolarises rapidly ; No chance 
of local action, creeping or bursting; High E.M.F.; Low internal resistance ; 
A remarkable ampéreage ; Does not deteriorate while out of action. 


PRICES ‘AND PARTICULARS ON APPLICATION TO 


“ELECTRIC STORES, Lro. 51, Cannon Sr. Loxoon, ES. 
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111 | sin THE BEST DRY BATTERY YET PRODUCED | 
= | 
} À | ‘ FOR ‘ | 
| Telephones, . Railway Signals, | 
if | Electric Bells, Medical Appliances, 
| Burglar Alarms, = , Ship Uses, &c., &c. | 
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148, “BROMPTON ROAD.. S. 
MANUFACTURERS (UNDER PATENT) OF 


CTORS 


FOR USE With PORTABLE LAMPS WHERE SOCKETS ARB NOC FIXER. 


all the: kncwn' makes of holfers and’ plugs. ‘A boon in by b 


SUPPLIERS OF ELECTRIC LIGHT-FITTINGS FOR ALL PURPOSES, 


ESTIMATES GIVEN FOR INSTALLATION WORK WITH OR WITHOUT FITTINGS,» 
CATALOGUES, ANG pr LISTS ON” APPLICATION. LIBERAL TERMS" TQ SHE TRADE 


BROMPTON ELECTRIC FITTINGS Co., Ld., 148, Brompton Rd. 


43, LONDON LONDON, 


PATENT ELECTRICITY 
METER. 


(KILO-WATT HOURS), 


For Direct or Alternating Currents. 


Our Electricity Métera, are 

require nor ©: 

the indépendent and 


made to register differen 
and are therefore useful for 


discharging of accumulators, The 
guaranteed to within one per cent, 


der are provided being auto 
wound up at every other 15 seconds by == ” 
secon ‘hey are tity = == Sz; 
Theit individual" Le not: Wall arg Illustrated 
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Works & Dead Offices HALIFAX, ENC-LAND. 
‘LONDON: 114, To Tooley St. SE. GLASGOW: West George St. 
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Used both at, --.. 
HOME AND ABROAD 


for 
ELECTRIC LIGHTING. 


HIGH-CLASS 
WORKMANSHIP. 


NEW TYPE OF 2 H. P. NOMINAL. 


RICHARD FRÈRES, 
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144-14%, Unaring Cross K 


| Pole Steps, Angle Plates, Staples, 


have done it!” 


THE TELEGRAPHIG JOURNAL AND ELECTRICAL REVIEW SUPPLEMENT, 


TEE : 


BIRMING HAM TELEGRAPH 
FACTORY, LIMITED. 


— 
BIRMINGHAM, 22xD MAY, 1801. | Serres. 
MANUFACTURERS OF STAY RODS. 

Poles; Pole Chairs; Iron Strate, | OT, 


Stay Rods, 
sir Spurs, Wall Plates, Qhannel Iron Arms, Oak 
aiaiibe Brackets, Saddles, Roofs, Finials, Caps, Tron 
Hoods, Le Guards, Wire Guards, L htning Points, 
ails, Washers, | 
Shackles, Ingnlator Bolts, Cables, Wires, 
Leads, Printers, Sounders, Keys, Single Needles, 
Bright’s Bells, “A B C” Instruments, Duplex and 
Quadruplex Apparatus, Telephone Magnetos, 
mitters, Receivers, Generators, Electric Bells, Indica- 
tors, Pushes, Burglar Alarms, Mining Go Fire 
Station Switchboards, Street Pillars and Wall 


ole Clips, Pole Brackets,’ Angle  Brackete, | 


ratus, Construction Tools, and every description of 
Apparatus conriected with Telegraph, and 
Electric Signal Engineering, &e, | 
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OUR NEW CATALOGUE 
of 250 Pages will shortly be issued, to the trade only. 


This Catalogue is entirely new and original in design | 


and style, and is‘ illustrated by over 500 blocks, cut in 
the best style by well-known Engravers. As we are 
only printing a limited number of these Catalogues, 


we should be glad if all those who are desirous of 


having a copy would apply direct to us at once, — 
PRICE 5s. 


Telegraph Address : « INSULATOR, BIRMINGHAM.” 
Telephone, No. 4094. - 


_ Managing Director : Mr. J. SLATER LEWIS. 


Birmingham Factory 


LIMITED. 


FRIDAY, 22ND MAY, 1891. 


IMITATION 


| It is said that “imitation is the sincerest flattery,” 
_ but, whether that be so or not, we notice with no small 


amount of satisfaction that something during the last 


_ few weeks has caused certain of our “ friends ” to follow, 
_ % nearly as possible consistent with decency, this 
- illustrated system of advertising. With that diplomacy, 

_ however, which is chiefly characteristic of the well 


known bird noted for a big body and a small head, 


- they have chosen for this purpose, not the columns of 


| the ELECTRICAL REVIEW, but the columns, if you 
| Please, of one of your contemporaries! Bat we do not 
complain ; we rather rejoice in the fact that “ we alone 
We merely invite your readers to 
watch the fitful changes to which we respectfally draw 
attention in the hope that it may afford them as much | 
pleasure as it has ourselves. 


Boxes, | 
Night Watch Tell-Tgles and Thermostats. Batteries, 
Screws, Terminals, Cabinet Case Work, Testing Appa- | 


We. give “below en. illustration ot our . “Stay: 
Tightener.” This article is made of the best Stafford- 
shire iron throughout, and is fitted complete with’ 
ratchet, boss and nut, We make all ‘izes from half, 


inch à one inch screw. We, of ide. manufacture 
every other pattern of Staying Apparatus, each one of 
which will be illustrated in subsequent editions. 


POLE ROOFS. 


The following woodcut shows one of our Pole Roofs 
“ cut for saddles.” We supply these in all sizes and 
thicknesses, and “uncut” if required. We manufac- 


ture, in addition to these, cast iron and porcelain pole 
caps or roofs, for any of which we shall at all times 
have pleasure in submitting estimates. 
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CRYSTAL PALACE ELECTRIGAL EXHIBITION, 1891-1892. 


ELECTRICAL EXHIBITION, on the same lines as that which provéd énch à briltign 
A guccess in 1881, will be opened at the Crystal Palace in November, 1891, and be confinfed 
for some months. No charge will be made‘for space. Medals and Certificates will be awarded” 
Applications for space must be made on printed forms to be obtained, post free, together with. 
prospectus, from the ManaGEr, Crystal Palace, 8.E., or from Mr: R Apprecarrs, of 11, Queen 
Vietonia Street, E. whe: has been Assistant Engineer to the Exhibition. 


PALACE, May, 1891. 


THE INTERNATIONAL. 


EXHIBITION 


FRANKFORT-ON-THE=- 
OPENED ON MAY 16th, 180%. 


Will CLOSE 15th of 


| TÉLEPHONES 


| INSULATORS, IRON WORK AND ALL MATERIALS FOR TELEPHONE & TELEGRAPH | 
LINE CONSTRUCTION AND RENEWAL IN STOCK.  ~ | 


Estimates and Plans FREE for Supplying, Fizing, and Maintaining Telephones and Lines any Aehande. Town | or ; Contre, | ad | 


UNIVERSAL TELEPHONE CO, 11, Queen Victoria St, London, £ = 


GAS ENGINE. Trees of 24 H.P. N n 


SIZES :—20 H.P. to 100 H.P. TUBE FIRING, 


Manchester. - 6, Todd Street. 
@lasgow.—134, Buchanan Street. 
Dublin.—62, Middle Abbey Street. 


THE SIMPLEST GAS ENGINE MADE. 


"SPECIALLY ADAPTED FOR ELECTRIC LIGHTING. 


London Office.—80, QUEEN YWICTORIA ST. E.C. . 


- | ANDREW & Coy. Ltd., REDDISH, STOCKPORT, 
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NEW TELEPHONE No. 6770. Telegraph Address : SECOEM, 

NALDER BROS. & Co. 
“CONTRACTORS TO “WM. GOVERNMENT. 

ALARGE SELECTION OF TESTING AND MEASURING | NSFRÔMENS PT. IN STOCK. 


or | swfreÿ BO ARDS, 
_ * | . 
| LAND OR MARINE USE. ‘FUSE 


AMMETERS 
VOLTMETERS. 


== 
— 
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: Resistance Colle, with Bridge. | | PA Portable Gatranomater, 
INSTRUMENTS ALWAYS IN stock 


16, RED LION STREET, CLERK EN WEL 
jo (Two Minutes’ walk from Farringdon Street Station). va 


THE OLDEST ESTABLISHED WEEKLY ELECTRICAL PAPER. 


ESTABLISHED 1872. 
THE TELEGRAPHIO JOURNAL AND 


ELECTRICAL 


‘ Published every FRIDAY, Price 4d. 
TO BE OBTAINED BY ORDER FROM ANY NEWSAGENT IN TOWN OR. COUNTRY. 


OFFICE, 22, PATERNOSTER Row, LONDON. 


Telegraphic Address: “AGEEKAY, LONDON.” Code ABC. Telephone No. 617. 
AU Letters should be addressed to- the Proprietors, AL Alabaster, Gatehouse & Oo. 


SUBSCRIPTION RATES.—In Great | Britain, post free, per year, 19s. 6d. Toall Foreign Countries (amnemh these mentioned 


below), per Year, £1 1s. Sd. tions,—Ab Borned, Ceylon, India, Java, Labuan, Mozambique, Penang, 
Persia (hid Brindisi), Philippine lande, Stuape Zanzibar, to which the ratés are: per Year, £1 8s. 10d. 
VOLUME XXVIL can bo kab Send gilt, at 128. 


ian = rg arr À numbers bound for 8s. 6d. each volume, including case. CASES.—Cloth Cases for Binding can be had. 
price 2s. 6d. each. 


us CASE to hold from On Twenty-six till the Volume ie complete for Bin can now be had from 
© Soll trom One to 


York: D. Van Nosrranp, 23, Murray À Paris: Vauvz J. Boryaav, 22, Rue de la Banque 
Berlin: Asuxze & Co., 6, Unter den Linden. 


NOTICE TO “ADVERTISERS. 
The following are the latest times up to which Advertisements can be received for 
publication in current week’s issue :— 
New Advertisements, or Alterations to existing ones, “Wednesday 2 p.m. 
Small. Announcements for middle pages . Thureday 2-p.m. : à 


ADVERTISEMENT RATHS ON: APPLICATION. 
ns and Port Often Orders (on Chl fe, London) to be made payable to Me 3, Paterna Bo, 
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IN ALL SIZES. 

IN VARIOUS DESIGNS. 
IN POLISHED COPPER. 
IN POLISHED BRASS. 
IN OXYDISED & SILVER. 
IN WROUGHT IRON. 

IN ALL BRONZES. 
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SIMPLE, EFFECTIVE and CHEAP 


‘SAVES 90 Per Cent. of 
TIME and LABOUR in attaching "EME. 
and releasing Shades for clean-  —_— 
ing, &c., over the old method of 


L 


three screws. 
| By simply pressing the Lugs, A, 
| the GLOBE is INSTANTLY 


FIXED or RELEASED. 


NO BREAKAGE, which is 
often caused when using ordinary 


galleries, by over-screwing, or 
through screws working loose. 

3i-in. 2s. Gd. | = 
2}-in. | 2s. : Od. 


SOLE MANU FACTURERS 
THE 


G.- BINSWANGER, -MANAGING DIREOTOR. 
Works:-45, CHAPEL ST. SALFORD, | Head Office 


MANCHESTER. 71, Queen Victoria Street, 


Branch Office:-7, BOTHWELL STREET, 


GLASGOW. LONDON, E 6.” 
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BLROTROLYSIS : ITS APPLICATION TO 


CHEMICAL AN ALYSIS. 


time ago by Dr. Charles A. Kohn, B.Sc., Assistant Lecturer. 
in Chemistry at University College. This paper dealt with 


a systematic examination into some electrolytic methods of 
chemical analysis which has been recently carried out by Dr. 
Kohn, in conjunction with Mr. E. V: Ellis, B.Sc. 

The first application of electrolysis to chemical analysis 


was made in 1850 by Gaultier de Claubry, who employed an 
electric current for the detection of metals when in solution. 
Other investigators. followed in the same line of research, 


and in 1861 ‘the late Prof. Bloxam published two papers on 


‘the application of electrolysis to the detection of poisonous 


metals in mixtures containing organic matters ; such mix- 
tures, in fact, as might be taken from the stomach and in- 


, Veshines, &c., of a deceased person who had died from metallic 


poisoning. These papers were published in the Journal of 
the Chemical Society, vol. xiii., pp. 12 and 338. They contain 
a description of means for detecting small. quantities of 
anenic and of antimony by subjecting their acidulated solu- 
tions to electrolytic decomposition. ‘The arsenic was evolved 
ws the hydride, and then recognised by the usual: chemical 
reactions, whilst the antimony was mainly deposited in the 
form of thé metal upon the cathode. 
The electrolytic method for the detection of arsenic, in which 
there is now no fear of contamination from impure zinc (which 
y contains traces of arsenic), has since been elabo- 
rated by Wolff, who has developed the process to such a 


of delicacy, that he has succeeded in detecting as little © 


% 000001 gramme of arsenious oxide by this means. 

The voltaic current is made use of also in ordinary quali- 
lative analysis for the detection of tin, antimony, silver, lead, 
arsenic, &c., by employing a more electro-positive metal to 
Fees & less electro-positive one from its solution. 

Tn 1889, Dr. Kohn devised several quantitative electrolytic 
methods of analysis which have also placed in the hands of 
means both elegant and accurate for determining 


and separating metals qualitatively. 


way the ordinary methods of qualitative - analysis, but are 
intended to serve as final and crucial means of identification, 


‘and thus to render it possible to detect very small quantities. 


of the substances in question with very great certainty, As 
such, they fulfil’ the required conditions admirably, being 


readily carried out, comparatively free from contamination 
with impure reagents, and capable of ‘being tendered quanti- | 


‘tative when desired. 


It will scarcely be within our province to describe the 


details of these electrolytic methods in their application to 


the detection of mineral poisons like antimony,. mercury, 


lead and copper, and to the detection of gold and silver: f 


We will, however, quote the leading features of ‘the oo 
as applied to mercury. 

The mercury must first be extracted with nitric ‘acid. It 
is then separated from this solution on a small closely wound 
spiral of platinum wire, the ‘latter being immersed in the 
liquid, and a current capable of yielding from four to five 
cubic centimetres of electrolytic gas per minute being em- 
ployed. Half an hour is sufficient ‘for: the complete depo- 
sition of the mercury ; the latter is removed from ‘the spiral: 
by heating in a test-tube, when the mercury forms in cha- 
racteristic globules on the upper portion of the tube. . 

The spiral of platinum wire is an essential feature in the 
methods as applied to the detection of 
lead and antimony. 

In cases of poisoning, the organie matter with which these 
metals are associated must first be destroyed in the usual way 
by means of hydrochloric acid and ‘potassium chlorate, and 
the precipitate obtained in the ordinary course of ssidlyals 
then subjected at suitable stages to electrolysis. herd urine 
can be tested directly for these poisons. UE 

It will be noticed that a chemical process ssl 


precedes the electrolysis. Dr. Kohn appears to ‘be of opinion 


that it would be a very difficult matter to effect the separa- 
tion.of the mineral poisons from organic matter electroly- 
tically without previous removal of the latter. The oxida- 
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tion of the organic matter by the electric current is a slow 
process, and is not likely to be more complete or more effec- 
tive than the means usually adopted. 

In the discussion which followed the reading of the paper, 


“however, Prof. Campbell Brown said he had no doubt that 


if the subject-were pursued farther a method would be de- 
vised some day, by means of which arsenic and other mineral 
poisons could be detected directly by electrolysis without any 
previous separation of the metal from organic matter ; it 
was a great desideratum to have a method for detecting 
arsenic and separating & from the contents of the stomach 
directly without previous destruction of organic matter. — 


In the course of some other remarks which were made . 
upon the paper read by Dr. Kohn, it is interesting to observe | 


that Dr. Huster said he was about to construct a new labora- 
tory, and that one of its new arrangements would be the 


installation of electricity, by which researches similar to 


those described could be conveniently carried out. 


THE FRENCH TRANSATLANTIC CABLE. 


Tux Council of State has recently given judgment in : the 
suit between the Anglo-American Telegraph Company and 
the Compagnie Française du Télégraphe de Paris à New 


York; and has pronounced in favour of the first-mentioned . 


company. 

The different phases through which the dispute between 
these companies has passed may be summarised as follows : 
The Anglo-American Telegraph Company obtained, on 
July 6th, 1868, a concession from the French Government 
for a cable between Brest and Newfoundland. On the 7th 
January, 1879, a ‘concession for a transatlantic cable was 


‘ granted by the French Government to M. Pouyer-Quertier, 


who transferred it to the; Compagnie du 
de Paris Ney York: 

From the a war of rates. Was : 
between the;gbove-named companies, and it was terminated 
an. ,24th September, 1880, by means of a friendly 
arrangement. By this agreement, entered into by the 
French company, owner of one cable, the English company, 
owner of four cables, and the Direct United States Company, 
owner of one cable, the several parties bound themselves to 
adopt a uniform tariff, to lend to one another their cables in 
case of ‘an interruption, and to make a common purse of the 
receipts, the division being 16 per cent. for the French 
company, and 84 per cent. between the other two... | 

On the 31st’ December, 1886, the French company notified 
its English partners that their agreement must be cancelled, 
and that’ the community of interests must come to an end. 


On the protest. of the English companies, the French com-. 


pany advanced the plea of force majeure, citing a letter from 
the Minister of Posts and Telegraphs, dated 80th December 
1886, which pointed out that the fusion of its interests with 
those of the English companies was in contravention of the 
clauses of the contract of 7th January,-1879. 


The English company then brought the matter before the 


Tribunal of Commerce of the. Seine, which, by a decision of 
the 2nd January, 1888, ordered the French Company to 
resume itg agreement with the English company, and con- 


~ | 


demned it to pay to that company 2 ,000 francs per day for Ê 
every day from the 31st December, 1886, up to the-date of | 


the resumption of the agreement. 

The French company lodged an appeal before the (jig 
Court of Paris, which, before delivering judgihent; it foamy 
necessary, by:a decision of 24th April, 1888, to refer to the 
administrative authority for the interpretation..of those 
clauses of the Ministerial letter of the 30th December, 1886, 
which directly applied to the obligations imposed on the 
French company by its concession. 

The administrative authorily submitted the question to 
the Council of the Prefecture of the Seine which; by der: | 
of the 19th March, 1889, decided that the Ministerial comte 
nication of the 30th December, 1886, correctly interpreted 
the concession as being infringed by any agreement such as 
was entered into between the French and English ¢ companies, 
and that further, the said letter compelled the Freteh com 
pany to break its agreement with the other companies, .* 

. This decision was assailed by the Anglo-American Tdk- 
graph Company before the Council of State, which pro 
nounced in favour of the English company, annolling the 
judgment of the Council of the Prefecture, and pronouncing 
that the Ministerial communication of the 80th December 


1886, did not in itself constitute an authority for the break- 


ing of the agreement between the companies, nor had the 
French company been prevented from obtaining the consent 
of the Government to such agreement, in the method provided — 
for by the conditions of the contract. In consequence of 
this decision a heavy fall bas 
Quertier cable shares. 


| THE potitions of the | 
Tees Patent. ing Corporation, Limited, for the ¢ 


- tion ard extension of J ablochkoffs 
(electric light)}: dated May 22nd, 1877,. were last 


dismissed, scarcely, we imagine, to anybody’s surprise... Iti i 


not; megessary to,indulge in any, lengthy comments upon this, 


matter for we entered fully inte the subject and the any 
issue in the REVIEW for January 16th, and the result 

pletely bears out the views we then expressed. Both to 
were quashed on purely technical grounds, and’ we cannot ie 
thinking, from a perusal of ‘Lord Watson’s judgment, the 
the case for the owners of the patent was bad 

and. that they should have been so instructed by De 


advisers. Moreover, it appears that the proceedings 60 cad 
with the application for an extension were completely 
order, that is, if we may accept the decision of Lord Watson, | 
for as regarded that application the petitioners were Fi 
dilemma : If it be represented as a petition 
the terms of the recent Act the answer was conclusive that : 


the statute had not been complied with, because it vis nù | | 


presented more than six months before the natural aaa 
of the patent came toa‘close. The other alternative 
that it was an application under the old law, and if 1 
viewed in, that aspect the provisions of section 29 
Patent Act, 1852, were as fatal to the power of this vol 
to deal with the matter of extension as those provisions * 
fatal in the other case of an application’ for 0 
Surely the technical and legal advisers of 


d 
Engineering Corporation should have known the sisal 


« As 


time for presenting their petition ? However, that tt | 


that ends well,” and probably but few will regret, 


transformer per se is treed from monopoly. — 
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ELECTRICAL REVIEW. 


REMARKS ON INDUCTION IN MULTIP 
CORE CABLES. 


Cun. DRESING and K. GULSTAD, of the Great 
Qu Northern Telegraph Company. 


_ (Concluded from page 590.) 


cannot help thinking that the manner in which the 
be in multiple core cables are laid together with only 
some threads of jute yarn in between them, so as to form 
a more or less cylindrical body, is somewhat favourable to 
the production of mutual induction between the cores. A 
crdgs section of ny two or three-core submarine cable will 
show how closely the cores are together, and any 

tical man, who has had to do with these cables, will cor- 
roborate the fact that when they are opened out the cores 
are generally found to be more or less flat in certain parts, 
where the surfaces have been squeezed together. Now, we 
think there is not much doubt that the induction between 
such cores is somewhat. greater than it otherwise would be, 
for the simple reason that wherever the surfaces are 
so hard together as to leave flat marks, the possibility of a 
film of water between them is excluded, the screening effect 
of the water is thus diminished (we have seen that at the 
best it is but an imperfect screen), and the electrostatic in- 
duction from core to core augmented. 


The cross section of a double core cable is shown in fig. É 


Fie. 8, 


and it is easily seen foun the following experiment that a 
"direct charge must take place between the cores. 


Referring to the same figure, a is an insulated con- 


ductor, à another conductor consisting of a strip of tin ~ 


foil, that by means of a wire is connected to the 
metallic screen, s, ne ppp the water round the 
cores. Whenever a and s are connected respectively with 
the positive and negative pole of an influence machine, 


the strip, b, will be deflected towards a, indicating a charge 


etween them.: The deflection is more or less violent, 
according as the space, d, is large or small, and it will not 
totally cease unless 4 becomes rather small. 

It is not impossible that this peculiar feature in the -con- 
struction of multiple core cables, as mentioned above, plays a 
rather ‘important part in causing electrostatic induction 
between the cores, but be this as it may, we suggest, in order 
to remedy the induction altogether, to cover each core with 
a metallic sheathing of some kind, carefully earthed, or, 

still, connected to the outer sheathing of the cable 
throug ut its. length. It is, however, clear that such a 
anc ‘sheathing, spirally wound round each core, would 
ve to be of exactly the same kind as the one forming the 
amature, as otherwise electrolytic action would destroy one 
; In case of tinfoil being employed for the 
oh iron wire would have to be tinned. Serious practica 
jections would, no doubt, be raised against any such 
ae sheathing of the cores in a submarine cable, and we 
sy therefore not pursue the subject any further. Suffice it 
: say that to ensure pertiot screening between the cores in 
cable, the tinfoil must entirely and perfectly 
he each core, and an absolutely good connection must 

Mage with the earth and the other. sheathing, otherwise 
bonus “induction must. necessarily take place between the 
SAN Journal of the Society of Telegraph Engineers,” 

* Samples ct anti-induction telephone cables have been brought 
in which the tinfoil only covered the 
open spaces between each spiral. 


vol. ix., 1880, Prof. Ayrton makes a short calculation as -to 
relative amounts of electro-magnetic and electrostatic. induc- 
tion from wire to wire in telegraph lines. The formyla by 
which he arrives at the ratio between the two kinds of in- 
duction reads as follows. 


d 
and although it does not refer to cores in submarine cables, 
but only to a special case on land-lines, where the dis- 
tance to the ground (/) is great compared with the mutual 
distance between the wires, it will sufficiently show the effect 
of different conditions, and especially the enormous 
influence, that variation in distance between the wires 
ays in the ratio of the two inductions. In this 
atter circumstance we also fancy we catch a glim 
of an explanation to Mr. W. H. Preece’s very in- 
teresting telephonic experiments on wires at a great distance 


from each other, where he was Only able to trace clectro- 


magnetic induction, whereas Mr. J. J: Catty, with wires.in 
comparative close proximity to each other, demonstrated 
electrostatic induction only. - 
_ When considering the question as to the means adopted to 
overcome the mutual induction in submarine multiple core 
cables, we cannot but wonder how little attention has been 


paid to the subject, at least publicly. No doubt multiple 


core cables have hitherto only been cape ed for short 
sections, worked by instruments of such a kin 
turbance between core and core is hardly, if at all, felt ; but 


as the increasing traffic necessitates the: use of sensitive and 


fast-speed instruments, so the induction will become trouble- 
some, and something will have to be done to neutralise, or at 
all events diminish, its effect. This time is already, in fact, 
arrived in many instances, and, as will appear from the 
following, the Great Northern Telegraph Company of Copen- 


— have had to take the subject seriously in had. 


o Prof. Hughes we owe the “ induction compensator,” as 
described in the TELEGRAPHIC JOURNAL, March the 15th, 
1879, which consists of coils of wire arranged in such a 
reopen that the induction in the secondary wire is neutralised 

an op 
upon inductively by similar bat 0 i 
in t rimary wire. is e principle, whic 

is fully described in the journal, ras to above, was 
taken advantage of by Mr. J. Mygind, the Great Northern 
Telegraph Company’s superintendent at Newcastle-upon- 
Tyne, who, in a very-practical way, has managed to utilise 
these coils, and thus succeeded in neutralising the induction 
between the four land lines (each about 25 miles long) which 
connect the company’s four North Sea cables (single core 


cables), landed at Newbiggin, with Newcastle. 


Each induction compensator (each coil with a resistance of 
a few ohms) as employed by Mr, Mygind, consists of two 
coils wound oppositely. These coils enclose an iron core, 
and are fixed on a slide in order to be approached or sepa- 


’ rated at will by means of a screw. The four lines require 


six pairs of such compensators, and by proper adjystment a 
perfect balance is obtained, so that in case the different cir- 
cuits are sending and receiving simultaneonsly, no disturb- 
ance is felt on the sensitive undulator. This instrumént was 
described in the REVIEW, July 13th, 1888 ; it has been im- 
proved lately, and works now by means of a Wheatstone 
transmitter at the rate of 80 words a minute on the English- 
Swedish cables, 510—520 N.M. We may again point out 


here that no induction is felt when Newcastle receives on all . 


the four wires, but the moment he sends on one or more cir- 
cuits, while receiving on the others, induction at once 
becomes troablesome, and destroys the signals on the undu- 
lator until the anti-induction coils are applied and a counter 
current is sent into the receiving circuit (the secondary 


* Where r is the radius of either wire, 1 the resistance of the 
secondary wire, & the resistance of the instrument at each end of the 
secondary wire, d the distance between the two wires (in centimetres), 
and À the height of the upper wire from the ground (also centi- 
metres). From this it is found that the electrostatic is, roughly, six 
times the electro-magnetic induction when the lines are 500 miles 


long, com of No. 8 iron wire, with a vertical distance between 
the two of one foot, and with the u wire 12 feet from the ground, 
of 1,000 ohms. 


and a resistance at each end of the 


that the dis- 


ite current from a coil inserted therein and acted — 
ly wound coil, 
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wire). This current must be of just sufficient strength to 
neutralise the inductive disturbance from the sending (pri- 
mary) wire, and it is pes evident that it is only with 
comparatively short land lines connected to cables which are 
approximately of the same length, that such a simple system 
of compensation (six pairs of coils) will prove adequate. 
Encouraged by Mr. Mygind’s success on the land lines, 


the same arrangement was next tried to neutralise the in- — 


duction between the cores in the Great Northern Telegraph 
Company’s two core cable between Denmark and Sweden 
(35 NM), which is also worked automatically and at + 
2. The experiments were very ably conducted by Mr. 

alck, the company’s superintendent at Gothenburg, but no 
satisfactory results could be obtained, probably because the 
time constant of electrostatic action between the cores in the 
cable differs from the electro-magnetic time constant of the 
coils ; #.¢., the rate of inductive action differs in the two cases. 


Several experiments were made with different coils, but in vain, — 


and although it was possible to produce as powerful induction 


Fia. 


from the coils as that from the cable, yet all traces of induc- 
tion could not be wiped out on the undulator slip. 

We next commenced a fresh series of experiments on an 
artificial two-core cable, with-a view of discovering some 


Fia. 9. 


kind of compensation for their mutual inductive effect. 
Referring to fig. 9, we tried to insert a great resistance at n, 


but no improvement was felt, not even when m was made 


Fia. 10. 


twice or three times as great as m. We now placed a con- 
denser at 4, as shown in fig. 10. By closing and opening 
the battery at a, d was charged and discharged, thereby 


| 


sending a momentary current partly through #, and yw 
through 8. By adjusting the resistance, n, ibe or may 


the charge from the condenser will go through the galva- 


nometer, 9, in one direction, while the inductive im 
from 8B will pass through the instrument in an opposite di 
tion, thus showing the possibility of balancing the tre and 
counteracting their opposite effect until no current can hy 
seen on the galvanometer. Condensers may, of course, be 
applied at s and 7, and A and B made to represent real resist 
ances put to earth without altering the principle of thi 
action. | th 


By applying the arrangement to the above-men tioned. 
Danyh Swedish two-core cable, Mr. Falck succeeded in de 


[May 22, 180%, 


monstrating the possibility of neutralising the electrostatic — 
induction between the cores, and the work is now carried : 


at a high speed, messages being sent and received simal. 
taneously on both cores, at the same end of the cable, with- 
out any appreciable interference between the cores, 


Upon the Great Northern Telegraph Company's three | 


11. 


core cable (about 60 N.M.) connecting Woosung via the 
island of nr with the China Sea cables, induction be 
tween the cores proved rather troublesome for some time, 
and interfered more or less with the work. Fig. 11.shows 
our system as adapted for these three cores by Mr. Schonao, 
the company’s sub-engineer in China. By carefully adjast- 
ing the several resistances and condensers and appl 
ues in the different branches of the circuits, as 

in the figure, perfect equilibrium is maintained, and the 
Thomson recorder left undisturbed in one core, while sending 
in one or both the others. The a gives every 88 4 
tion, but the drawbacks are ly to be found in 


number of condensers necessary—for three cores six ou — 


densers are needed. The first expense cannot, however, be 
considered serious, when the advantage of being enabled to 


work each core, as if it were a separate cable, is duly ge | 


ciated ; it is obvious that the coils and condensers 

uire no readjustment after equilibrium 18 once 
the cores are electrically sound. 3 

~ “There is nothing new under the sun. 


We find, sub 


sequently, that condensers have been in use in America, som | 


years ago, for a similar in connection with 


plex work ; but we hope, nevertheless, to have contributed . ke 


some small degree towards 


the settling of the 


* It is on purpose that we only refer to the galvanometeria SiN 
tion with this balancing arrangement, for, as in due 

ect balance can, as a rule, be obtained in the tele coils, 
mostly to the different amount of self-induction in the seversl which, 
but also to the different inductive action of the + 
as to capacity, , &c., were of widely ey pow the 
this reason more coils must be ap 


very simple experiment 
sistances, 7. 


to above (fig. 10), vide 
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is of electro-magnetic or electrostatic origin 
+ re induction can be effectively screened or not, 
and finally to have shown some very efficient means in actual 
operation on cable circuits of overcoming such disturbances. 


‘VARIATIONS OF CURRENT IN PRIMARY 
"QONDUCTORS OF OPEN CIRCUIT TRANS. 
FORMERS. 


By ROBERT SHAND.* 


It is well known that a claim for high efficiency has been 
made on behalf of the Ruhmkorff variety of the 
getic circuit type of transformer. The 
raised against its use are the large amount of copper used in 
its construction and the large primary magnetising current 
ired. If such a transformer be run with its secondary 
conductor open circuited, or closed and carrying its maximum 
load, the current passing in the primary conductor will not 
between wide limits. | 
"t has for a long time been equally well known that, if 
the magnetic circuit, or induction path, be closed through 
iron, the magnetising current is reduced to a relatively small 
value, and the secondary circuit being closed the currents in 
the condactors—primary and secondary—will rise and fall 
together, maintaining a nearly constant ratio for all values 
of the secondary load ; also that by using a large quantity 
of iron a small quantity of copper could be used in their con- 
struction. 


Apparently, considerations of this nature, coupled with its 
assumed hig 


efficiency, assisted to establish the closed t 
in ae fayour and enabled it quickly to supersede 
Rab 0 


rff variety of transformer in practical applications. 


However, the gradual accumulation of easily applied data 
touching the behaviour of iron when subjected to magne- 
tising forces suggested to engineers ingagtel in the design of 
transformers modifications of such design calculated to in- 
crease the efficiency of the transformer. | 

To effect this improvement required that the iron used in 
their construction be reduced in volume, and, it being neces- 
sary to avoid the excessive absorption of power (and also 
magnetic leakage) incidental to à high induction, the induc- 
tion per unit of core section could not be materially increased. 
More turns of the copper conductor were, therefore, made 

, and their consequent increase of length required 
that the section be increased also in order to have the quantity 
© B of moderate dimensions. 

To accommodate the increased volume of copper more 
wire space becomes necessary, and, as providing it requires 
that something of the increment in efficiency aimed at be 
foregone, a temptation arises, even in the case of the ordinary 
commercial closed circuit transformer, to torture the insula- 
tion by squeezing the coils into holes in the iron too small to 


receive them. 
At will be observed that the development of the transformer 
toa point of high efficiency has been accomplished largely 
by the removal of iron and the addition of copper, and to the 
extent that this is done does the modern closed magnetic 
circuit transformer decrease the distance separating it from 
the Ruhmkorff variety of the open type in the ratio existing 
en the quantities of the two materials, copper and iron, 
Into its The to substitute 
or iron would thus appear to lead designers quite 
cul an naturally, as it were, back to the yy type, in 
to find room for the copper and secure the efficiency 
‘ccompanying its use. | 
There remains to be considered the large magnetisin 
current. Mr. Swinburne, who appears early to have veined 
conditions governing the general efficiency of the trans- 
ormer, and who, in preaching the gospel of his particular “ism ” 
d undoubtedly done much toward isseminating a knowledge 
said conditions, set himself the task of reducing this large 
wagnetising current to moderate dimensions, apparently be- 
mu that if this could be done a 
to “did » having at light load an efficiency superior 
What yielded by the modern closed type. His labours re- 
| 


* Electrical World, April 25th. 


“tions as to whether the induction between cores in the 


= mag- 
principal objections 


~ which the observations were made was not com 


tical form of apparatus 


ds. 


sulted in the production of a ar mure bed connect- 
ing link-which he dubbed “ Hedgehog,” and for which he 
claimed, in addition to high efficiéney, that the peculiat 
method of construction followed resulted in a material reduc- 
tion in the value of the ising current ee Mr. 
Stanley, on the other , discussing this ‘subject in his 
article on “ Plant Efficiency,” made no distinction as between 
the “ Hedgehog ” and other varieties of the open ee 
Both gentlemen are familiar with transformer phenomena, 
and expressions of opinion from them receive wide attention. 


. As, however, they differed on this point it was thought the 


article,* by replying to which Mr. Stanley honours the writer, 
would incidentally serve to clear up the misunderstanding 
somewhat, inasmuch as the results there shown indicated the 
variety of the type to which his. statement applied, 
and the variety to which if did .not apply, and as the 
latter, though much written about, was not well known, fair 
lay demanded that its merits, whatever. they were, be care-. 
ully considered before judgment regarding it be promulgated. 
. Stanley raises the objection that the transformer on 
dard al the permissibl 
standard commercial. apparatus, the permissible drop in 
It is true, as pointed out by the writer in the article referred 
to, the apparatus üsed was of an experimental character, and 
is consequently to be re only. as an approximation to 
the apparatus which would be put. forward to compete with 
highly Ratt: se representatives of the modern closed type. 
It may be observed, however, that the efficiency obtained 
was comparable ‘with that yielded by the latter, and that the 
efficiency as well as the regulation could be much improved 
y following well-known methods. It. may also be pointed 
out that the drop observed was than the calcul 
drop.. This was undoubtedly due to magnetic | 
causing independent back. electromotive forces on the coils ; 
this, however, ought. to be largely reduced by suitable dis- 
position of the coils. | 
REPLY TO MR. ROBERT SHAND ON “VARIA- 
TIONS OF CURRENT IN THE PRIMARY OF 
OPEN CIRCUIT TRANSFORMERS.” 


By Wu. STANLEY, Jon. 


THE point in question is one discussed by Mr. Shand in the 
Electrical World of March 21st, 1891, as to the accuracy of 
a statement forming part of my letter to the Ælectrical 
Engineer of December 10th, 1890. In order to clearly state 
the facts under discussion, I quote the point mentioned : “In 
these transformers (open magnetic circuit) the value of the 
rimary current varies comparatively little with the load 
erived from the secondary circuit, and when such a trans- 
former is gradually loaded, the primary current will remain, 
roughly speaking, constant, possibly varying 10 to 20 per 
cent.” Mr. Shand questions the accuracy of this statement, 
furnishing figures from tests made by himself to substantiate 
his position. Neglecting other results, his conclusion, as 
shown by Table 5 of his article in the Hlectrical World of 
March 21st, gives the following data : | 


Size of transformer 1,550 watts 
Frequency ... not given. 
No. turns in primary ‘ » 


Size of primary and secondary wires ... ,, » 

Primary E.M.F., 100 current, 3°27 am 
secon . Primary E.M.F., volts ; current, 
am ll load. Drop of normal, 3°5 
volts Ôr 3°5 per cent. | | 

In short, in a transformer of 1,550 watts output with a 
3°5 per cent. drop, the variation of primary current was from 
16°3 ampères at full load to 3°27 ampéres at no load ; that is 
to say, the current fell to one-fifth of its full load value when 
the transformer was not doing useful work. This would 
certainly seem to conflict with my statement that the varia- 
tion was but 20 per cent. But how about the regulation ? 


* See The Electrical World, March 21st and April 4th, 1891. 
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Certainly no station can use a transformer of 1,500 watts 
capacity having a drop of 3°5 per cent. Sup 
transformer was compelled to regulate as well as others. of 
standard make, the permissible drop would then be 1°5 per 
cent, What then would be the 1 e current at a fre- 
quency of 130 periods per second ? e resistance of the 
coils would evidently have to be decreased in the ratio of 3°5 
to 1°5, or would be about 48 per cent. of the present value. 
Maintaining the same size of wire as used in Mr. Shand’s 
experiment would give 43 per cent. of the turns, and with 


this number of turns the leakage current would be about 


ee = 5) five times as great as he found it—vi2., 17°5 
ampères. So that if the same fall of, potential upon the 
secondary circuit were allowed for the open as for the closed 
type of transformer, the current upon the primary circuit 
when the secondary was open would be as great as when the 
transformer was doing its full duty. 

‘ Of course this reduction of the drop of the transformer 
cannot be accomplished by simply taking off wire as indi- 
cated ; the magnetisation of the core given at 6,300 per 
centimetre gives a hysteresis loss of about 2°75 watts per 


ound at a frequency of 133 periods per second. The core 
po requency 4 pe 


is already magnetised too high ; reducing the turns to 43 
would raise the magnetisation to 14,600 per centimetre, and 
would give an enormous loss by hysteresis, while the perme- 
ability of the core would fall so as to reduce the magnetisa- 
tion. In short, the transformer made by Mr. Shand cannot 
be compared with the commercial apparatus ; it must be re- 
designed for 1°5 per cent. drop. 
In order to compare two t 
sary that they should be designed for the same output ; 
should have the same fall of potential or drop, and the 
radiating surface per watt lost in the transformer should be 


the same ; they should be subjected to E.M.Fs. of the same | 
frequency, and then the comparison should be made upon the © 


basis of efficiency and leakage current. ; 

Since writing the reply to Mr. Swinburne’s letter, to which 
Mr. Shand takes exception, I am in receipt of a letter from 
Swinburne & Co. stating that they can make a Hedgehog 
transformer of 2,000 watts output having a drop of 2°4 per 
cent., which will reduce the primary current to about 40 per 
cent. full load value when the load is taken off. Such a 
transformer does not regulate sufficiently well for one of 40 
light capacity, as it has about 1 per cent. more drop than 
found in all standard closed circuit transformers of the same 
size in use in this country. 3 


THE ELECTROLYSIS OF ANIMAL TISSUES. 


THE first number of a journal, entitled Studies from a 
Physiological Laboratory, Owen’s College, Manchester, con- 
tains an interesting contribution to our very limited 
knowledge of the action of electricity in relation to animal 
tissues. The paper is by G. N. Stewart, and has been noticed 
in The Lancet. We may briefly notice the more important 
of the conclusions arrived at—conclusions, it may be added, 
which are in every case fair deductions from experimental 
results, and not, as is too often the case with the literature 
of this subject, mere “ quack twaddle.” , | 

It seems that practically the whole of the conduction 
in animal tissues is electrolytic, and the electrolytes are 
principally the mineral salts, changes in the proteids being 
produced y secondary electrolytic actions. 

In simple proteid solutions, conduction occurs with great 
difficulty if mineral salts are absent, or if they are present 
only in small proportions. The effects on the proteids 
themselves in saline solutions vary somewhat with the cur- 
rent density. Alkali-albumin is formed at the cathode, and 


acid-albumin at the anode ; whilst in solutions of coagulable | 


proteids there is also coagulation at the latter pole. With a 
strong current, the pre of coagulated proteid to acid- 
albumin is greater than with a weak current. 

. In bile and -urine it was observed that the conduction is 
also chiefly due to electrolysis in the mineral substances, and 
not in the organic substances contained in these secretions. 

_ In blood, the changes which take place in the proteids are 


that this . 


of transformers, it is neces- 


similar to those which are mentioned above, There.is 
a formation of acid-hæmatin (mixed with or led. by. 
methæmoglobin with certain of current) and of 
alkali-hæmatin at the anode and cathode, respectively, Therm 
is no evidence that hemoglobin or any of its derivatives can, 
act as an ion. | À pa 
In muscle, the nuclei become apparent, and the sarcons 
substance 
always p 
become more homogeneous. The chief chemical 


Proteids are an increase in the neutralisation precipitate’ 


the aqueous extract, and a corresponding decrease of de 
globulin. At the anode, the neutralisation precipitate ig 
increased, but the amount of globulin is more than corre. 
pondingly diminished, because part of this -proteid: is 
coagulated. 
The effects of electrolysis on the salts of the muscles were 
studied by estimating the ash. Striking changes were found. 
to occur which if produced within the living body, would 
profoundly modify nutrition. | Fa 
The antiseptic action of the current was studied in the 
case of micro-organisms, and it was found to occur chiefly, 
if not entirely, around the anode. | ake 
In another and later paper specially devoted to the eleo- 
trolysis and putrefaction of bile, Mr. Stewart shows that 
when. bile is electrolysed in a (J tube, changes take place at 
the negative pole, which are similar to those which occur 
when bile is allowed to putrefy, that is the pigment changes. 
to brown through light shades, ultimately becoming yellow, 
In the early stages of the electrolysis a reversal. of the. 
current restores the original colour. 
The anode has an oxidising, the cathode a reducing action 
upon bile. The bile salts are electrolytes, and an acid con- 
stituent of these c ises at the anode in long needles; 
but the conductivity of bile salts is small as compared with 
that of the inorganic constituents of the secretion. silted 
With these results for bile we may compare those obtained 
by J..B. Haycraft and H. Scofield (vide Zeit. Phystol. Gy 
xiv., 178). In the course of their researches they sho 
that a play of colours is obtained at the positive pole of a 
battery (four Grove cells) placed in the bile, indicating suc 
cessive stages of oxidisation ; if the negative pole be then 
laced in the bile, the effects are reversed, indicating re: 
uction. | | 
Mr. Stewart makes some -attempt to connect this know: 
ledge of the electrolysis of animal tissues with the application 
of electrolysis in surgery, and promises a further communi- 
cation on the physiological aspects of the question. 


—— 


ELEMENTARY ANALYSIS BY A NEW 
 ELECTRO-THERMAL METHOD. 


ELEMENTARY organic analyses are commonly effected im 
laboratories by what are known as combustion processes ; 
the substance to be analysed is placed in a long glass tube 
and heated in proximity to copper oxide, &c., and the pre 
ducts of combustion are then-examined. 


Electricity has been applied to the analysis of gases in the . 


eudiometer, and also in many cases of what are called jus 
trolytic separations ; we are not aware, however, that it 


been applied to the analysis of organic substances, until 


quite recently. J. Oser has just worked out an entirely: new 
method, which may be described as electro-thermal. : . ‘ 
The new method partakes of the nature of the old com 
bustion process, of which it is really, perhaps, à modi 
The substance to be burnt is placed in a small poreelain oF 
which is surrounded by a coil of thin platinum wire, 
contained in an ordinary hard combustion tube. is yi 
of pure oxygen gas is allowed to flow gro along 
mh | at the same time the platinum wire is heated to myn 
by means of an the being 
lated b ing ugh narrow apertures | 
fitting into the tube. In order to ensure 
combustion, all the products of combustion together 4 
excess of oxygen are led through a narrow apenas 
rcelain cylinder filled with granular oP & pls- 
heated to a high temperature by an electrically ignited 
tinum wire which also passes through this aperture. 


[May 22; 


nular at the anode; this is the a 
uced by a weak acid. At the cathode the fibres. 
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“hereby present to your readers. | 
| he sodidenset arrangement was as fig. 1 shows; À being 
a a battery, g a tele hone, A, B, a, B, b?, c the condenser plates, 


7 


A somber of precautions appear to be necessary in order 


ensure satisfactory results by this method, and these, 
4 her with a table of numerical results which Oser has 
“Æiééed. are given in the original paper (vide Monatshefte, 


5,48 


6—500) ; a sketch of the apparatus is also given. 


Oser is engaged in attempting to develop his method so 


that in one apparatus my be determined both the elementary 
ant à 


heat of combustion of any given organic 


ELECTROSTATIC INDUCTION. 


SE 


WHILST investigating the phenomena of mutual induction 
between continuous cores in multiple core cables, I was led 


to make some experimental researches with condensers, the 
“Wactical result of which -is dealt with in a paper by Mr. 


ing and myself, entitled, “Remarks on induction in 
e core cables.” Other parts of the experiments I 


and m a wire of thick Copper. 


"When ge ras | (or raising) the battery key (not shown 
in fig. 1), no sound 


whatever could be heard in the telephone ; 


but on substituting for the thick wire, m, a thin German 
silver one, sounds could be distinctly heard. A mirror gal 
vanometer was then employed instead of the telephone, but 
the spot of light did not move until rather great resistances, 
m, were inserted. The thus produced deflections, returnin 
to zero, indicated a charge rushing into a. What ca 
these deflections ? I could not explain it otherwise than by 


assuming that the charging of B - À and the thereby 


“ screening ” action of b? was retarded for a moment 


~ by theinductance of m. This would then cause the condenser 


A — F to be momentarily charged inductively via b?, and 


—#8 it does not maintain the charge—again discharged as 
soon as the inductance to the charging current, via m, was 
overcome, 


Upon the sluggishly acting mirror galvanometer I should 


hot, of course, have observed anything, the charges and dis- - 


charges of condenser A — a being equal in magnitude, if 


the inductance of m had not retarded the discharge a little 
in relation to the charge. In fact, the deflection must be 
aa ul the difference in time rate for a series of charging 
dif dise ging currents corresponding to the sum of the 
| er in, say, the amplitudes for the c 


ing and re- 
g undulatory oscillations. 


e deflection 


_ hows exactly that not one, but a series of oscillations are 


going on, the movement of the spot of light being suddenl 
rine and the light attaining an a ce of a blur sad 
election has reached its maximum, just as if they in 


tions way were produced by more sluggishly acting oscilla- 
of smaller in acco with well. 
we shape of the discharging curve for con- 


Wien raising the key we get the same* deflections in 
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- besides starting points for the path of the original & 


directly to the battery 


“opposite direction. ‘that a — does not 


keep any charge, this can only “Wwe dne to the mo- 


_ mentary discharging of condenser 3 — into” ‘condenser 


A — na The resulting currents are then oscillating in, ypiaga 
in both condensers, the points, + and y, being turning ès 


a 
current into A — D: 
i ; 1 


© The theory for the oscillatory character of charges and 


discharges of condensers (Leyden jars) is thus here demon- 


strated by experiment. 
The deflections were proportional to the resistance of the 


wire, m, as far as could be observed, and as might be ex- 


Next resistances, 7, wert Inserted at m (fig. 2), and it was 
expected that this would affect.the deflections, the time given 


to pate to exert its screening action now being altered. 
- But no 


ign of this was observed, even when p was made — 
twice or thrice the value of m (10,000 ohms), nor could any 
difference be seen when the same 
at 0. 

It was at first, when the resistances amounted to 100,000 
ohms, that in both cases the same small a t diminution 
of the deflections could be seen by their clearing the blur _ 


_ and making the readings more distinct. 


This means, I think, the experimental proof that the plate, 
b?, by itself cannot exert any screening effect, or that the elec- — 
trostatic induction cannot be screened off. What happens is | 


really that the so-called screened part, being quite unaffected 


by the screen, 5?, must be subject to a momentary series of 
charging and discharging currents until electrostatic equili- 
brium is re-established. .The strength of these | 
which is at first determined partly regardless of the shunt, 
m, is gradually dying away, according as the action of the 
shunting wire is increasing and its inductance overcome. ~ 

The said deflections decreased when inserting a condenser 
between the terminals of m, the condenser thus acting as a 
shunt circuit to m. | 

Having demonstrated (see fig. 2) that b* cannot withhold 
any charge from b!, but merely is acting as a conductor for 
electricity, we observe that it does not alter the matter prin- - 


cipally ; if we, instead of B— ., joined points z and 2 
by a wire, r (the dotted line), having some resistance, the 


Fie. à 


' potential difference from y to z, and thence the effect on the 
mr ss would, however, be reduced, unless m is very 


to r. Fig. 38 illustrates this case, 
at fig. 2. | | | 
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The condenser arrangement A — oi is subjected to. a series 


.currents whose interference 


causes us to observe the as described, but when 


. m.has got any resistance the. charging currents are pre- 


ponderating in a certain direction, and we say the conden- 
ser has got.a charge. 


We don’t generally sce‘ the blürr, this béing too small in 


and, for instance, only employing 


‘dielectric between 


co ison with the charging deflections. . 
Reducing the size of the condenser i 


greatly diminish the magnitude of the deflection. Still 
oscillations must take place even if we, instead of the 


the ends, inserted a wire possessing in- 


‘à 


We have then the.picture of a divided circuit, each branch 
having an opportunity of affording a path for electrical 
oscillations, or — the whole circuit itself must be subjected 
to oscillations from prepondering charging currents. Such 
is at least the case when the theoretical view is correct, that 
a commencing current, for a very short time, is proceeding 
with different strengths through the interior and the outer 
skin of a conductor. These momentary acting currents, the 


. reactions ef which, whenever they meet.-resistances. in their 


; way, are causing the phenomena generally named: “ self- 
inducti 


ion,” to pass into those that are maintained by the source 


_ Of electricity when there are no condensers in the circuit. 


The momentary electrostatic: disturbance giving rise: to 


_ thé named currents :must, through static induction, produce 


similar disturbances, but of:. op 
‘bodies in the neighbourhoad. 


bé the result of a series 
rents., : : | 


* blurring appearance of the 


ite character, upon other 
he thus occasioned derived 
current (electro-magnetic induction) must then in its turn 
of rapidly vanishing oscillating cur- 


the subject I may here still once more réfer to the 
tof light. Larger resistances 


Upon 


- (inserted at n:or 0, fig. 2) did, as stated, do away with the 
- blur by reducing the amplitude of the oscillation. Water 
_ inserted instead of resistance, m (fig. 1), produced some 
. peculiarities to be observed; for instance,* the deflection 
: when zinc pole was to B was larger than with copper pole 


to. B instantly after, &c. Similar discrepancies seemed 


' to take place when smaller resistances were employed, 


‘bite 
“it be 80, it would in another way 


and. can be accounted for by assuming that dis- 
reacted on the battery. The blur prohi- 

l, unfortunately, ‘exact men « being taken, but, if 
emonstrate that oscilla- 


| tions caused by the charging of aw Es would be in unison | 


with those regarding À — a There. does then happen 


something like what happens when (see fig. 4) sending a 
steady electric current through an electro-magnet, the mag- 
netism of which only acts upon one branch, a, of an iron 
tuning fork,a@ 6. Nevertheless, the branch, à, will com- 
mence and continue to oscillate in unison with a, and the 
iron frame, c, till ‘all simultaneously come to rest, 
although the attraction between a and the electro-magnet is 
maintained. 
True, it is here a purely mechanical reason that causes b 
to vibrate, but I may suggest that a direct action on 5, due 
to the electro-magnet in the direction of the arrow would 


* A kind of sluggish discharge was observed when the galvano- 
meter key was pressed down immediately after the battery key, and not 


_ ‘to bé accounted for by the electrification between plates a — jr 
for an electromotive forcé of some volts.. Se 


take place, if the 
| than that 


with blunt fs + vil 


-in, our issue of April 17th:— 


has done in alternating currents of 


… possibility of 
n 


- through the glass by conduction should be somew 
- the rate at which they are so stored. | | 


the glass is an impossibility. 
- insulation resistance, and 


_ to think that the only perfect dielectric 
_ other bodies, the existence of which is 
_ conductors, judging from their physical pro 


etic permeability of the iron in leg a 
in leg à. 
_ Referring to the experiments previously mentioned, it ij 
perhaps not be found without futereat te qi the. 
result of a rough test, 
m = 100,000 ohms. (German silver 01 min.) was fou 
co ing to 0-00485 microfarads ; this latter ma 
being caleulated from the blurring deflection ‘that indi 
how much the passage of electricity had been retarded by the 


. 


PHENOMENA OF ALTERNATING CURRENTS 
OF VERY HIGH FREQUENCY: 
NIKOLA TESLA. 


~ 


I cannot- pass’ without comment the note of Prof. "Thomson 
in The Electrical World of April 4th, although I dislike y 


much to engage in a prolonged controversy. ...I would gladly 


let Prof. Thomson have the last word, were it not that some 
of his statements render a reply from me necessary... :… 
I did not mean to imply that whatever pon Prof. Thomson 
subsequent to his letter published in’ The Po. " | 
thought it possible, and even probable, that he had made his 
experiments some time before, and my statement in 
to this was meant in this general way. It is more 
probable that quite a number of experimenters have built 
such machines and observed effects similar to those described 
by Professor Thomson. It is doubtful, however, whether, in 
the absence of any publication on this — luminous 


phenomena described by me have been observed by other, 
the more so as very few would be likely to go to the trouble 
I did, and I vol myself not have done so had I not hadan 


advance of firm conviction gained from the study of the 
works of the most advanced thinkers that I would obtain the 
results sought for. Now that I have indicated the direction, 


- many will probably follow, and for this very purpose J have 


shown some of the results I have reached. oe 
Prof. Thomson states decisively in regard to the experi- 

ment with the incandescent lamp bulb and the filament — 

mounted on a single wire that he cannot agree with meaball 


that conduction through the glass has anything todo with 


the phenomenon observed. He mentions the well-known 


fact that an incandescent lamp acts as a Leyden jar and says 


that “ if conduction through the glass were a possibility this 
action could not occur.” think I ma asser 
that very few electricians will share view. For ‘the 
the condenser effect taking place it is-omly 
that the rate at which the charges cam equal 


Prof. Thomson seems to think that conduction through | 
Has he then never 
he then not m 
means of a conduction current ? Does he think that ther 
is such a thing as a perfect non-conductor among 
we are able to perceive ? Does he not think that as Tega 
conductivity there can be question only of degree ? i. 
glass were a perfect non-conductor, how could we 200 
the conduction through a glass condenser when À 
steady differences of potential ? | c: 
While not directly connected with the present’ 
I would here point out that there exists a popular 
regard to the properties of dielectric bodies. 
tricians confound the theoretical 
Maxwell with the dielectric bodies in use. ie bs! ye | 
18 
known to us, mast be 


My statement that conduction is concerned to 2 
thong negligible, extent in the 


desc was, however, made not. only .on acco 
fact that all bodies conduct more or less, but principally | 


e- dye 
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account of the heating of the glass during the riment. 
Prof. À overlook the fact that the insulating 
of glass diminishes enormously with the increase in 
are, so much so that melted glass is comparatively 
an excellent conductor. I have, moreover, stated in my first 
reply to Prof. Thomson in The Electrical World of March 
glst, 1891, that the same experiment can be performed by 
meaps-of an-unvarying difference of potential. In this case 
it must be assumed that some such process as conduction 
through the glass takes place, and all the more as it is possible 
to show by experiment that with.a sufficiently high stead 
difference of potential enough current can be As, throug 
the glass of a condenser with mercury coatings to light up a 
Geissler tube joined in series with the condenser. en the 
tial is dirnating the condenser action comes in, and 
conduction becomes insignificant, and the more so the greater 
the rate of alternation or change per unit of time. Never- 
in my opinion, conduction must always exist, especially 
if the glass is hot, although it may be negligible with very 


I have misunderstood his statement about. the limit of audi- 
tion. He says that 10,000 to 20,000 alternations correspond 
to 5,000 to 10,000 complete waves of sound. In my first 
y to Prof. Thomson’s remarks (in the Electrical World of 
h 21st, 1891) I avoided pointing out directly that Prof. 
Thomson was mistaken, but now I see no way out of it. 
Prof, Thomson will pardon me if I call his attention to the 
fact he seems to disregard, namely, that 10,000 to 20,000 
alternations of current in an arc—which was the subject 
under-discussion—does not mean 5,000 to 10,000, but 10,000 
to 20,000 complete waves of sound. 

He says that I have adopted or suggested as the limit of 
audition 10,000 waves per second; but I have neither 
adopted nor suggested it. Prof. Thomson states that I 
have been working with 5,000 to 10,000 complete waves, 


_ while I have nowhere made any such statement. He says 


that this would be working below the limit of audition, and 
cites as an argument that at the Central High School in 
Philadelphia he has heard 20,000 waves per second ; but he 
wholly overlooks a point on which I have dwelt at some 
length—namely, that the limit of audition of an arc is some- 
thing entirely different from the limit of audition in general. 
Prof. Thomson further states, in, reply to some of my 
views expressed in regard to the constant current machines, 
that five or six years ago it occurred to him to try the con- 
struction of a dynamo for constant current, in which “the 
armature coils were of a highly efficient type, that is, of com- 
paratively short wire length for the voltage and moving in 
a dense magnetic field.” Exteriorly to the coils and to the 
field he had placed in the circuit of each coil an impedance 
coil which consisted of an iron core wound with a consider- 
able length of wire and connected directly in circuit with 
the armature coil. He thus obtained, he thought, “the 
property of considerable self-induction along with efficient 
current generation.” Prof. Thomson says he expected “ that. 
possibly the effects would be very much the same as those 

ble from the regularly constructed apparatus.” But 
de inted, ad With e 

. Lnomson, | wo say t. to expect a 

result from such a combination Asn Bw sanguine. Barth 
8 not farther from heaven than this arrangement is from 


one in which there would be a length of wire sufficient to ° 


give the same self-induction wound on the armature and 
d to produce useful E.M.F. instead of doing just the 
te, let alone the loss in the iron cores. But it is, of 
on only fair to remember that this experiment was per- 
ormed five or six years ago, when even the foremost ele- 
iricians lacked the necessary information in these and other 


a - Thomson seems to think that self-induction wipes out 
Fl rosea undulations of current. Now self-induction 
the hot produce any such effect, but if anything, it renders 
Let ne 008 more pronounced. This is self-evident. 
- à. insert a self-induction coil in a circuit traversed by 
sae ulating current and see what happens. During the 

of the greatest rate of change when the current has a 
time A the self-induction opposes more than during the 
pdd the small rate of ch and wben the current is at 
the its maximum value. The consequence is that with 


same frequency the maximum value of the current 


~ becomes the greater, the greater the self-induction.. As the 


sound in a telephone depends only on the maximum value, 
it is clear that self-induction is the very thing gr yas in 
a telephone circuit. The larger the self-induction the louder 
through the circuit. - ve had ample opportunity to study 
this subject during my telephone experience of several years. 
As regards the fact that a self-induction coil in series with a 
telephone diminishes the: loudness of the sound, Prof, 
Thomson seems to overlook that this effect is wholly due to 


the impedance of the: coil, 2:e., to its virtue of preemie 
the current’s strength. But while the current’s strength 
diminished the undulation is rendered only more pronounced. 
Obviously, when comparisons are made they must be made 
with the same current. 

In an arc machine, such as that of Professor Thomson's, 
the effect is different. There one has to deal with a make 
and break. There are then two induced currents, one in the 


"opposite the other in the same direction with the main 
uencies. 
Thomson states further that, from his of view, . 


current. If the function; of the mechanism be the same, 
whether self-induction coil be present or not, the undulations 
could not possibly be wiped out. But Prof. Thomson 
seems likewise to forget that the effect is spobr due to the 
defect of the commutator ; namely, the induced current of 
break—which is of the same direction with the main current 
and of great intensity when large self-induction is present— 
simply bridges the ad jacent commutator segments, or if not 
entirely so, at least > salves the interval during which the 
circuit is open, and thus reduces the undulation. 

In to the improvement in the feeding of the lamps 
by vibration or undulations, Prof. Thomson expresses a deci- 
sive opinion. He now “ye that the vibrations must improve 
the feeding of aclockwork lamp. He says that I “contented 
prune by simply saying ” that I cannot agree with him op 
ee. saying it is not the only thing I did. I have passed 
many a night watching a lamp feed, and I leave it to any 
skilled experimenter to investigate whether my statements 


~ are correct. My opinion is that a clockwork lamp—that is, 


a lamp in which the descent of the carbon is regulated not by 
a clutch or friction mechanism, but by an escapement— - 
cannot feed. any more perfectly than tooth by tooth, which 
may be a movement of, say, one-sixty-fourth of an inch or 
less. Such a lamp will feed in nearly the same manner, 
whether the current .be perfectly smooth .or undulating, © 

rovided the conditions of the circuit are otherwise stable. 
if there is any advantage I think it would be in the use of a 
smooth current, for with an undulating current the lamp is 
likely to miss some time and feed by more than one tooth. 
But a lamp in which the descent of the carbon is regulated by 
friction mechanism, an undulating current of the - proper 
number of undulations per second will always give a better 
result. Of course to realise fully the benefits of the undu- 
lating current the. release ought to be effected independently 
of the up and down movement, as I have pointed out before. 

In regard to the aa a cg effects . Thomson says 

that in such a comparatively poor conductive material as 
animal tissue the distribution of current cannot be governed — 
by self-induction to any appreciable extent, but he does not 
consider the two-fold effect of the large cross-section pointed 
out by Sir William Thomson. As the resistance of the body 
to such currents is low, we must assume either condenser 
action or induction of currents in the body. — 


By ELIHU THOMSON. 


Ir is not from any desire to have the last word that I have 
answered Mr. Tesla’s statements as they a * : It 
simply been to correct misunderstandings. -In regard to t 
experiment which I mentioned as performed by pag où | 
in water a lamp bulb in which a single strip of carbon 
been mounted, and connecting the water and the filament to . 
a source of high potential alternating current at high fre- 
quencies, and whereby the strip of carbon was brought to 
bright incandescence, I simply said that conduction through 
the glass could not have any effect in this nt. 
I made no general denial that a slight conduction occurred — 


* See the Electrical World, April 11th, 1891. _ 
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applying a statement, which related to a 


à 


à 
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with even the best dielectrics. The glass in my experiment 


heing immersed in water, the assumption of high tempera- 
ture which Mr. Tesla makes, as increasing the conductivity 
of the glass, is not to be considered in this case. The glass 
was only heated where it was not so immersed, and where, 
therefore, no connection with the circuit existed. . 

F< Mr. Tesla bases a long statement about dielectrics, insula- 
tion resistance, perfect conductors, degrees of conductivity, 


&c., on the statement I made in relation to the experiment 


and the phenomenon it presented ; and he even asks whether 
I have “then never measured insulation resistance ” and “ by 
a conduction current.” Similar irrelevant questions follow 
this typical one. I had said that “if conduction through the 
glass were a possibility ” (in the riment and accounted 
for the Dares presented) “ this action ” (of charging a 
lamp bulb as a Leyden jar and receiving a charge therefrom) 
“could not occur.” Mr. Tesla does me the ag of 
icular 
ment and phenomenon, to classes and conditions of phe- 
nomena which any one at all familiar with the circumstances 
would rule out. 
duction is concerned to some, though perhaps negligible, 
extent in the experiment above described was, however, made 
not only on account of the fact that all bodies conduct more 
or less, but principally on account of the heating of the glass 
during the experiment.” The italics are mine. In the ex- 
periment the glass was immersed in cold water and only that 
portion not immersed and not in contact with the current 
conductor or the surrounding water was warmed. This dis- 
pes of the paragraph of contentions of Mr. Tesla based on 
eated glass in the experiment. | | 

In regard to the estimate of the number of complete 
waves of sound corresponding to a given number of alter- 
nations, I freely confess that I was in error, and that the 
number given by Mr. Tesla is correct. The number of com- 
plete sound waves does, as Mr. Tesla points out, correspond 
to the number of alternations, as the expansion and the con- 


traction of the arc stream corresponding to wave condensa- | 


tion and rarefaction occur with each alternation. This is a 
point which I had missed in the former consideration of the 
matter, but, of course, if the limit of audition is above any 
of the rates considered, it would not affect the argument 
a as it relates to the degree of approximation to that 
imit, | 
Without calling upon Mr. Tesla to state how far “earth 
is from heaven” in his view, I will simply state that my ex- 
periment of five or six years ago, which called forth his re- 
mark, certainly did teach me something then, and added 
somewhat to my information in certain directions. 

I was perfectly well aware of the effects of self-induction, 
including impedance, pointed out by Mr. Tesla, when I spoke 
of the insertion of a coil of large self-induction into a 
circuit of arc lights as ne the current and lessenin 
its undulations. In regard to the effects of self-induction, 
may state that the property of impedance I have always re- 
ee as one of those effects. It is not true, as stated by 

. Tesla, that self-induction “renders the undulations more 
pronounced.” Whether it will do so or not depends on the 
shape of the wave of undulation. Not all shapes of wave 
have the greatest rate of change when the current has a 
small value. What is true in this t of.a sine curve 
would not be true of a saw-tooth wave. But the point under 
discussion, originally, was the effect of a large self-induction 
interposed in a circuit of arc lights, in which the current was 
of a fluctuating character. The current may be considered 
in this case as made up of a steady .current of an average 
current value, upon which has been superimposed an alter- 
nating current of small value, or it may be considered as 
made up of a steady current of less than the average value 
with a ge, Base of small value superim . These 
assumptions to be exact, of course, are made on the basis 
that in the fluctuations the strength of the current does not 
change very greatly, or that the minimum current and the 
maximum current values are not far removed from the 


. average value, 


Now, the effect of self-induction introduced inte such a 
circuit with arc lights is, by its impedance, to diminish the 
value of that portion of the current which is, so to speak, 
alternating or fluctuating, and whether the waves of alter- 
nating or pulsating currents, so greatly diminished in 
amplitude, will be sharpened or smoothed out by self- 
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current strength, superim 
_ or steady current, to which I referred in 


ri- 


Mr. Tesla says: “ My statement that con-. 


induction will depend upon their original form. It is à 
effect of self-induction in producing impedance, and, thers. 
fore, restricting the value of the fluctuating or alternating 

nstant 


on the much larger co 


smoothing action. Mr. Tesla was right in his 

statements of principle, but wrong in his lation 
them to the case in point. He was not right, however, jy 
separating the effect of impedance from self-induction in-th 


case under discussion. 


I have no desire to prolong this discussion, and will leve 
out of consideration any reference to effects on clutch o 
clockwork lamps, or to the physiological effects of t 
I have in the above comments confined myself strictly tp 
those matters which it seemed necessary to have clea 
in some way. I hope that, in stating my position in relation 
to the matter, I have made myself cleat so as to ayoid 
further misunderstandings. 3 | | 
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HAVING CAPACITY AND SELF-INDUOTION. 
By Dr. J. A. FLEemING, Member. 
(Concluded from page 636.) 


15. In the course of various experiments during the laying of the 
cable, it became evident that a conductor having so considerable an 
electrostatic capacity behaved in a curious manner under some cit- 
cumstances when long lengths were connected up toa transformer. 
This behaviour has been much misunderstood, and much misdescribed, 
Remarkable phrases have been coined with reference to it, such ss 
“the piling up of the volts,” or “ ing up of the volts,” which ar 
not very lucid descriptions of what really does occur. 
theories have been constructed also to account for phenomens which 
do not exist. Briefly stated, it appears to be as follows :—When an 
insulated and sufficient length of the cable has its inner and outer 
members connected to the terminals either of a transformer or of a 
alternator having an armature of sufficient inductance, it is observed 
that under these conditions the potential difference between the inner 
and outer members, measured anywhere along the le of the cable, 
is generally greater than would be the potential of the 
terminals of that alternator or transformer if the cable were very 
short, or not present at all. This seems to hold good also when the 
far ends of the inner and outer members are connected 
through a not very small resistance, such as a row of 
lamps in series, or a high resistance voltmeter, or transformer 
lightly loaded. The cable acts in all apparently as one single con- 
denser would do, and in no case, as far as is known, is there evidence 
of a continuous rise À pone mg along the trunk mains themselves. 
The pressure at the London end is not found to be greater 
than at the Deptford end. The condenser effect is increased 
apparently by increase of length of the main, at least within observed 
limits, and in all cases the main acts as if it were a condenser 
bridged across between two parallel mains without capacity. Whes 
current flows into the cable there is a flux across the dielectric rae 
inner to outer member which constitutes the condenser current of 


On 


‘mains, and the overflowing current is in general less in 


than the inflowing current, although not always necessarily 80. 
current flowing = at the London end may be called the work curreal, 
There is a difference in phase between the work current 7 per 
ur current. The ingoing current is the resultant of the 
condenser current. 

16. In order to examine the phenomena of these trunk main pie 
closely, some experiments were made on one long length of me : 
miles of the cable by joining the conductors of two trunk 
London, and having both ends of this gigantic loop of concentiic | 


cable at our disposal in the Deptford station. These | 
were arranged by Mr. Ferranti to give Mr. Puce, Cardew, and 


me the a of obtaining measurements 


effects in the Ferranti trunk mains. The ex ents were made 00 
Friday, January 9th, 1891, at Deptford, and tir. Ferranti, Mr. Sparks, 


carrying out these measurements. The arrangemen N 
follows (see fig. 10) :—One of the 1,200-H.P. dynamos (No. 


ng of the 


2 


, A 


or ALTERNATING CURRENT Flow Cmous 


apart for the purpose, and excited so as to supply current a about 


2,500 volts or so. The current from this dynamo was led throng À 


rimaries of two 150-H.P. transformers joined in - A 
raised the pressure from 2,500 to 10,000 volts. At this presi, 
current from the secondaries was sent into the concen Le 
Deptford, thence to the sub-station in Trafalgar Square IR This 
one main, and back to Deptford on the other trunk main. on 
distance is 20,224 yards, or 11°49 statute miles. wy to 2,600 volts 
Deptford, the current was again reduced from 10,000 tank ab the 
and the energy taken up in water resistance in system. 
latter pressure. The pressure at different parts of 


* Paper read May 7th, 1891. 
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LECTRICAL REVIEW. 
ew voltmeters, the high pressures sales Bag men inaccuracy exists in the readings of current and pressure, but the 
ating The currents were measured by . figures are perhaps sufficient to test the general agreement of fact 
ammeters. The current and pressure were measured at four places— with theory. 
if the i vis, at the terminals of the dynamo, at the sp ree, deg of the We note, first, that in the experiments at full load, when 118 
eneral > trankmain, at the end of the trunk main, and, after uction, at the tank. ampéres was being taken up in the resistance, the load on the trans- 
ion of | formers was about 340 . and hence the two 150 H.P. trans- 
- M formers at each end joined in parallel were slightly overloaded. 
rer, = 3 — Under these circumstances, the inductance of the transformers 
in the Z ee at the step-up end is reduced practically to a very small value, 
Minh. à and we may consider that the actual current of 30 ampéres or so 
leave l0ll2 YDS _ flowing in the cable can be considered to be the resultant of 
ch or ‘LONDON two superimposed currents differing about 90 s°in phase 
_— - from one another. There is, first, the work current of 26°5 ampéres 
Prema, in Experiment I., which is flowing out of the cable, and which 
7 ob : a... is practically in synchronism with the impressed electromotive 
up }-— force in the secon circuit of the step-up transformers. Then there 
lation ct is the condenser current of the cable considered as one single con- 
void % Y)) % denser, which will be 90 degrees in advance in phase of the impressed 
avol electromotive force creating this Hence the values of the 
i ing currents given in column vi. are the resultants of the out- 
: t going currents given in column vx, and the condenser current of the 
: 


Fia. 10. | the condenser current must be the square root of the difference of the 


Observers stationed at these different instruments took simultaneous Taking the first six experiments in Table I., we calculate from them 


observations at a signal given by the sound of a whistle, and in this the square root of the difference of the squares of the currents in 
way the simultaneous values of the pressure and current were obtained columns vi. and vu. of Table I., and write as in Table II. below 
TABLE L.—ExPERIMENTS ON THE PRESSURE DISTRIBUTION IN THE F'eRBANTI TRUNK Marys. 
IL IIL. v. VI. vil. VILL. Ix. x. 
g of the At dynamo terminals. ‘ Athome end of trunk main. | At far end of trunk main. | Pressure At the tank. 
| sure multiplied multiplied — 
sformer. | ‘ | Pressure. | Current. Le Pressure. Current. | Pressure. Current. Pressure. | Current, 
scribed. — 
Pre 1 2,177 1214 8,708 9,060 29-2 8,950 8,640 2,160 | 1182 
ngenious 2 2,386 119°4 9,544 10,100 31°5 9,770 9,504 2,376 1171 
‘a which 3 2,458 119°4 9,832 : 10,300 32-0 10,120 9,840 2,460 1160 
When an 4 2,177 119°3 8,708 9,110 29°2 8,930 8,640 2,160 116°0 
od tlhe 5 2,311 113°2 9,244 9,700 28°7 9,570 9,408 2,382 106°5 
pay 6 2,251 110°2 9,004 9,600 27°6 9,280 9,024 2,256 105°5 
ered 7 2,568 1061 10,272 10,490 27-0 10,070 9,792 2,448 101°6 
she inner 8 1,994 108°1 7,976 8,420 260 8, 7,872 1,968 1 
he cable, 9 2,448 100°0 9,792 10,170 24°0 10,690 10,128 2,532 56°6 
e of the 10 2,496 92-8 9, 10,560 22°0 10,590 10,512 2,628 56:0 
ere very 11 2,400 92°8 9,600 10,360 21°5 10,490 10,224 2 55°5 
when the 12 2,311 641 9,244 9,700 170 | . 9,770 9,600 2,400 42°2 
together | 13 2,280 417 | 9,120 9,870 110 9, 0 9,736 2,434 0 
ndescent 14 2,328 417 9,312 9,970 11°0 10,000 0 - 9,880 2,470 0 
nsformer 15 1,620 427 6,480 7,240 100 7,350 0 7,248 1,812 0 
agle con- 16 1,104 24°4 4,416 5,200 50 | 5,200 0 4,964 1,241 0 
evidence 17 1,212 24°4 4,848 5,500 90 5,500 0 5,456 1,339 0 
»mselves. 18 1,308 24°4 5,232 5,900 9°0 5,900 0 5,740 | 1,435 0 
greater 19 1,800 37°6 7,200 7,920 100 7,920 0 7,784 1,946 0 
increased 20 «2,136 48'8 8,544 9,380 12°0 9,410 0 + 9,244 2,311 0 
observed 
ondenser 
When } | 
mit at these four places. The transformers used for raising and lowering TABLE II. 
nt of the pressure were the 150 H.P. size, ha on the primary side 
wire, having a resistance of ‘2442 ohms. Hence these | t of 
4, = a. = b. Va? — 
work and reduced from 10,000 to 100 volts for voltmeter purposes. The + , 
placed on the system by teking up more or less 31°5 
32°0 
once | 17. From a large number of observations the following are selected 292 26°5 12°2 
reer & showing the general results obtained, and are set forth in Table I. 98°7 24°8 144 
rdew, The first column gives a number for each experiment. The second 27°6 24°3 13°1 
give the pressure and current at the dynamo 
Spark fourth column is a series of numbers which are four times those 
: past i the second column, and are the pressures to which the 1 : 4 step- | | es | 
"made a canes at the home end would raise the dynamo pressure if Unfortunately, the speeds of the dynamo were not taken at each 
2) was and were absent. The fifth and sixth columns give the pressure observation; but the normal frequency of the current from these 
t at about ! “ce home, or dynamo, end of the trunk main, and it  dynamos is 67, and in these experiments the dynamo speeds were 
rough the | tree that in every case this observed pressure is greater- marked as rather below the normal. If n = 67,2 x n = p = 421. 
nd whic .. ‘and ei times the pressure at the dynamo terminals. The seventh It is probable that the value of p was not greater than 400 in these 
pressure § the trunk columns give the pressure and current at the far end of experiments. We have seen (equation 2, ante) that if v is the instan- 
cable “flowing out of then it be in every taneous potential difference of t 
ondon - main is less than that going into it. umns v 
This ‘cere ve the pressure and peus À er reduction by the step- rent flowing into it at any instant, é = c =. Hence, on the as- 
back st water resista ot Which pressure the energy was upon  sumption of a simple periodic variation of the current, we may write - 
00 volt | ‘ee on in atank. Column nine gives the pressure on the 
ok ab th Would tere nl side of the 4:1 step-down transformers, which p for =, and put as the value of the square root of the mean square 
| 
able were not present. the pressure observed at the tank if the condenser current, 1, the expression, 


teeny 9 ae then to see how these observed values agree with I= poy, 


obsery must be, however, stated that these numbers and values vo P 2 
ae not minutely accurate. Owing to the fact that the where c is the capacity, and v is the potential difference of the ter- 
‘voltmeters dynamo varied slightly, and to the fact-that the Cardew  minals of the condenser as read by an electrostatic or Cardew volt- 
used were set vertical, and not horizontal, some degree of  meter. It then follows that the capacity of the cable is determinable 
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from the values of the condenser current, 1, the pressure, v, as read at 


the step-up end, and from the known value of ». 

We may examine how far the capacity value so deduced agrees with 
measurement. 

We tabulate in columns the values of the condenser currents, I, 
found from Table II., and set against these the mean potential 
difference of the inner and outer members of the cable as 
the mean potential difference of the surfaces of the condenser. 
Calling these last values v, we then calculate the capacity ©, in micro- 


farads from the formula, 


10°, 
pv 


on the assumption that p = 400. These results are set down in 
Table III. . The values of the potential, v, are the means of the pres- 
sures given in columns v. and vit. of Table I. as the pressures at the 
step-up and step-down end of the trunk main. 


TABLE III. 
M tential Calculated i 
"rom | nb in mere 
122 9,005 3:4 
144 9,935 
12°2 9,020 3°4 
14°4 9,635 37 . 
13°1 9,440 3°5 


The mean electrostatic capacity of the 11°5 statute miles of the 
experiments. e day following these experiments t 
static capacity was measured at Deptford by Mr. H. R. Kempe, usin 
a microfarad standard and a battery of about 18 Daniell cells, an 
throw observations in the usual way. Mr. Kempe 
found the capacity under these circumstances of the respective mains 
to be about 1°98 and 2°02 microfarads, or in all about 4 microfarads. 
Accordingly, we see that the capacity, as deduced from the mean cal- 


culated condenser currents and the observed pressures at the ends of - 


the mains, comes out a little low compared with the measured steady 
value; but the speeds and pressures were hardly observed with suff- 
cient accuracy to make a closer agreement very likely, and the 


_ condenser current values are probably affected by some errors. 


y 
may be observed that the effect of a small but definite inductance in 
the fine-wire circuit of the transformers at the step-up end existin 
unannulled at full load would be to lower the condenser currents, an 
hence to lower the calculated capacity. I think it is pretty clear that 
what may be called the normal condenser current of the 11°5 statute 
miles of the trunk mains is about 14 or 16 ampéres under a work- 
ing pressure of 10,000 volts at the step-up end of the main, and 
ata spa of about 67 for the circuit. This is what is generally 
observed. a 
On one occasion, when the writer was with Mr. Ferranti 
in testing the trunk mains, we had a similar arrangement of the 
system to that above described—viz., a length of 11°5 statute 
miles of trunk main looped in London through two step-down and 
step-up transformers in parallel, and a similar set of transformers at 


wo 100 candle-power lamps were put on the far end of the system 
at Deptford, just to give indication of a current flowing through the 
system, otherwise there was no load. When the dynamos were 
excited so as to give 2,500 volts on the Fo 4 side of the step-up 
transformers, and this raised to 10,000 volts in the mains, we found a 
current of about 64 ampères going out of the dynamo at 2,500 volts. 
This would correspond to 16 am or 80 in the trunk mains. The 
actual working current at this time was merely the magnetising 
current of the step-down transformers and the normal current 
required for the lamps. Hence this experiment in showing 
that the normal condenser current of the trunk mains at 10,000 volts 
and a frequency of'67 is about 1°4 ampéres per mile run of the cable. 
19. Let us next examine how far the observations taken with no 
load on the secondaries of the step-down transformers agrees with 
the foregoing. In this case we restrict our view to the last eight 
observations recorded in Table I. The numbers in column 1v. give us 
at once the-condenser current of the cable, because there is no 
sensible current flowing out of the cable except the negligible mag- 
netising current of the transformers. 


TABLE IV. 
à M tential 
current, 1, in condenser pe AA in 
11 9,885 2°8 
11 9,985 2°8 
10 7,295 3°4 
5 5,200 2°4 
9 5,500 41 
9 5,900 
10 7,920 31 
12 9,395 3°2 


for this 


The variation in the values of the capacity shows that the meng 
ments of the condenser currents are probably affected considerhi 
errors ; and this is likely, seeing that the ammeters on end of the 
trunk main would not read with sufficient accuracy to 
difference of one or two am at these low readings, Heres ai 
we can say is, that the mean ar of the cable as deduced from 
the observations at no load—viz., 3°3 microfarads—is not extravagantly 
different from that obtained by observations at full load. 

If we take one of the observations at half load—say No, 18 à 
Table I.—we arrive at the same result. For the ingoing and 
currents in the trunk main are then 22 and 17 am the 
difference of their squares is 14, which is probably nearly té 
denser current in this case; and the mean potential difference of i 
surfaces of the cable is 10,560 volts; and hence, as before, the 
city comes out 3°3 microfarads for the whole — Hence alte 
observations agree in giving a capacity of from 3: 
for the total :cable in use. It may well be questioned whee 


by a prolonged charge and discharge gives a value whic 
psn expressive of the true working capacity of the cable a 
rapid alternations of charge. It must be remembered that partis 
paper presents usually a considerable absorption effect, and the vale 


of 4 microfarads for the 11°5 miles, obtained by the usual balls | 


galvanometer method, may be, and perhaps is, a value which is 
than that which correctly expresses the true working en 
cable under rapidly reversed electric stresses. It is rs to have 
this point investigated for the dielectrics in use in the manne 
of types of concentric cables now employed. ba 
20. Passing to the examination of other points indicated byile 
observations in Table I., we see that the mean potential dif 
of the two conductors of the cable is always greater than fourting 
the dynamo terminal pressure as given in column ry, Tht i 
to say, these figures show that the pressure in the trunk main att 
dynamo end is always greater than would be the pressure af te 


terminals of the step-up transformers if the trunk main wen dé | 


connected. This may be said to be {the fundamental 


. which has been much dis-described and misunderstood. ‘Themes 7 
of the pressures as read at the dynamo terminals and at thetwoae 


of the trunk mains show that whenever the system is lon 


there is a fairly heavy load, there is a fall of pressure down thea, © 
although the actual figures cen à 


as there shoul 
this fall of pressure is not quite equal in value to the produga 


values of the true resistance of the cable and the current iow q 
through it. Those cases in which the figures in Table Lams © 


show a rise of pressure along the main cannot be aoe 
representing the actual facts. When the cable is of 
working current, and only traversed by a condenser cure 


fi show that the cable is either all at one pressure all alga © 
th 
is 


else that there may be a plight rise Shp shee 
down end of the cable. I think, however, that there is 0 
evidence of this rise of pressure from end to end of the cable 
not loaded with external load. The chief fact is that, when 
step-up transformers would, if existing alone, mise the Bier 
pressure fourfold, we find that when the cable is heavily] ad 

mean potential difference of the conductors exceeds four tim i 
dynamo terminal pressure by something like 5 per cent.; and, wae 
the external load is removed, that excess pressure mom) 


in pressure which takes place is always an evidence of the ya 
of inductance in the charging circuit, and that this rise cer 
will augment with increase of inductance in the line or in the ape 
transformer. We are unable to test how far the genemim 


pressure is in accordance with the foregoing theory, became see | 


L 
no means of measuring the true mean inductance of the #88! 
or high pressure, side of the ny 2 transformers. The Yan 
capacity in the line always bouge own the inductance = 
former, because it compels a rather large current to fowia# 
the dynamo, even when the work current flowing out of the cable 


. zero, or nothing more than the magnetising current of the aaa | 


21. In the foregoing paragraphs no attempt has been male 
. In the forego no 
into a discussion of the shoul modus operandi of these — 
effects. We can easily construct, as has been frequeily =e 
mechanical analogies, in which the elastic yielding 4 AE, 
the inertia of a heavy body take the place of the cs à 
tance in the electric system. It is possible, however, t0 yee 
value of this mechanical parallel. It is probable the’ 

physical operations taking place to produce beng 


e 
denser, when subjected to pe ic currents, 48 & 
im ce, if the term may be allowed, having also 
induction. A condenser allows a flux of el 
backwards and forwards through its 
‘nating currents are concerned, it may be said to have ASS 
for electricity. | 


A condenser of capacity ©, when traversed ralentie 3 


currents of frequency n, acts in any circuit as 


dance of magnitude = It also acts as if it had a negstite li 


¢ 


| 
| 
paraitined paper dielectric the capacity as deter | 
| 
| 
| amounts to about 10 or 15 per cent. ‘ 
| The general fact is quite in accordance with the foregoing 
When the step-up transformers are heavily loaded, the 
ance of their secondary circuits is poate annulled Œ "7 | 
much reduced; when they are lightly loaded, it is sb #2 
creased. We have seen, in discussing the clock-<diagriss 
motive forces as applied to this condenser problem, that the mam | 
| 
| 
| 
| 
| 
| 
| inertia-like aspect of self-induction is exclusively regatte#4s; 
| of course, such mental representations have their we 222 
| hypothesis is often as bad as too little in seeking to CORBET "4 
| < 
i 
| 
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ie 


bil 


bas 


Mix 1891.] 


ELECTRICAL REVIEW. 


658 


cual to snl standing for 2 By. 
À Lust be understood a power of nullifying positive in- 
tance oy | 


ductance in a conductor in series with the condenser, numerically to 


the amount of henries. Suppose, that a 
capacity is placed in series with an inductive resistance of in- 
2 ani À resistance, B, and a periodic P.D. equal to vo per- 
mitted to act on the two in series. The resultant inductance of the 


whole ciouit is — and the resultant impedarfee is 


Hence the current through the condenser is equal to 


Vo 
2 
A/ 2° + ( — p?. 
If the potential difference of the two sides of the condenser is called 
vs and the equivalent impedance of the condenser is we may con- 
sider that the value of v, is obtained by taking the product of this 
so-called impedance of the condenser, > tnd the value of the cur- 
rent flowing through it. Hence we have, ip 


Vo 1 

= 
2 FR 

but this is the same expression as that deduced before, for the ratio 
of y, and Yo. This is not to be considered as a demonstration of the 
equation, but only as showing how it may be regarded as being built 
up on the assumption that a condenser behaves towards alternating 


Vi: 


currents as an impedance causing fall of potential in a current passi à 
| pens onde capable of nullifying inductance in a circuit connect 


with it; and that such a view leads to an equation from 
which it is immediately seen that under some conditions v, must be 
greater than vo. 
22, Reference has been made recently in a paper read b 
Major Cardew to the difference of electric condition as re 
potential above the earth which will 
conductors one of which entirely encloses the other, and which 
have different capacities, when they are connected to the ter- 
minals of an in transformer or alternator. In the case of 
a concentric cable the two copper members of which are insulated 
from each other, and the outer one insulated from a metallic sheath 
connected to earth, we have two insulated conductors, the interior 
one having capacity with reference to the outer, but not with reference 
to the earth, and the outer one having capacity both with reference 


to the inner and also with respect tothe earth. This last .capacity is 
in cables as very much greater the 

In the case of the Ferranti trunk mains, the inner-to-outer capacity. 
is, a8 we have seen, about one-third of a microfarad per mile ran of 


a that fhe two insulated members of such a concentric cable 
| when connected respectively to the terminals of an insulated 


of ae This is true only when the outer member entirely — 


conductors have different capacities, by reason of position or form 
at will be an electrical inequality between them, in that the differ. 
the potential between each conductor and the earth will not be 
ms The conductor which has the larger capacity will have the 
potential with respect to earth, provided always that both con- 
ductors attached to the poles of the generator or transformer are 
Maas condenser effect we have been considering, and in particu- 
| en ation of the change of ratio of a transformer which takes 
aed its secondary circuit is connected to a conductor system 
a a capacity in relation to the inductance of that secondary 
cireuit, ound to operate in many curious ways in the practical use 


pa current, the method adopted 


Current fell to . 
It, however, Faget sever its connection with the omnibus main. 


are working through step-up transf 


by experi nductor system consisting of concentric cable, it is found 


that the exciting current of the dynamo to be taken 
dr be raised, and not lowered, in order to bring it into a condi- 


; danger il it can be cut off from the omnibus main without 


sparking at the switch; and, conversely, in putting it into 


_ , resistance, R, and capacity, 0, all per unit of length. 
exist between two insulated. 


duet paralle 
if the y nea of no sensible capacity, then we: know very well that 


parallel the incoming alternator has to be excited to a lower electro- 
motive force than is n to maintain the standard P.D. at. the 
terminals of the step-up transformer before putting it into connection 
with the omnibus main. This is obviously due to the fact that-the 
change ratio of me iy transformer is altered by the very act of 
putting it into connection with the conductor system, and hence the 
excitation of the alternator at the moment of making or-breaking con- 
nection with the main must be such as will bring the P.D. of the free 
secondary terminals of the step-up transformer to a value equal to 
the P.D. of the two points on the conductor era. day way to which 
they are about to be connected, or from which they have just been 
severed; and when the connection of the alternator is made, the 
excitation can be altered to divide the load on the machines properly. 
This, of course, would not be the case if high tension alternators of 
very small inductance were set to work in parallel on such a con- 
centric conductor system. In this case the condenser effect is 

tically nothing, and the behaviour of the machines on going into or 


| Bir would present nothing unusual. 


1 the cases briefly discussed above, the cables, whether con- 
centric or simple, have been found to act as single condensers sub- 
stituted for them would act; and in the experiments described no 
progressive rise of ure from one end to the other of a cable 
ity was found to exist. 

It is, however, quite possible for self-induction, resistance, and 
— to be so combined together in one conductor that the 
ion of an impressed periodic. electromotive force at one end 
pressure along thé cable 
when the far end is insulated. The complete theory of such 
effect is rather too long to discuss here. 
pres vs periodic current and the action of a simple periodic 
otive force upon a concentric cable has been very fully 
discussed by Mr. Oliver Heaviside in an able series of papers on “The 
Self-Induction of Wires,” published in the Philosophical Magazine 
for 1886 and 1887. A very brief summary of the results is all that 
can be given here; but those desirous of further information may be 
ly referred to Philosophical Magazine, vol. xxiii., January, 

1887, page 18, in which paper Mr. Heaviside deals with the problem 
which is particularly the practical one, viz., a concentric cable having 


at one end a transmitting ap , such as a bon et alternator, 
or a step-up transformer, at the other a ving instrument, 


such as another telephone or a step-down transformer. 

We have, then, a sending having resistance and :in- 
ductance ; a cable having resistance, capacity, and inductance ; and a 
receiver having also resistance and inductance. Given the electro- 


_ motive force in the transmitter, the problem is to find the current in 


Consider, first, a very long concentric cable having inductance, L, 

. . Fix’ attention 

upon a small length of the cable, à x, and suppose that the current 
flowing into this element at any instant is 7, and the current flowing 
out of it is i — 6% when some electromotive force acts'at one end:of. 
the cable. Also, let v be the potential of the inner conductor at the. 
one end of the element of length, 5 x, and v — à v be the potential at 
the other end; then the current, i, at any instant, ¢, is determined 
from the fundamental equation, partes 


di 


+ dy (83): 
and the current and potential are connected by another relation, |. : 
d x dt 


because the current flowing out of the element of length is less than 
the current flowing into the element by the condenser current taken 
up in the element. . Car} 

Differentiating (34), and substituting in (33), we arrive easily at 
the equation, 

. v . dv v 
This differential equation gives us the means of determining the 
tial, v, at any time and place in the cable. 

Let v% be the electromotive force at the origin or the end of the 
cable at which the dynamo or electromotor is applied, and let vo be 
its maximum value—such, that 

vo = Vo sin pt: 
then, if the cable is infinite in length, the solution of the equation 
(35) can be obtained, and the potential, v, at any distance, x, from the 
origin, and any time, is easily shown to be given by a Co 
| v = voe-?# sin (pt — 92), 
where the quantities, P and Q, are— 


P= + {22(¥v R? +P vy) 


and ( ae pid + 


For the Ferranti trunk mains the values of these quantities have 
been calculated in Section 14. ra 

If the cable is not infinite in length, but has a finite length, /, then 
two cases may be considered—{(i.) when the cable is short-circuited at 
the far end, and (ii.) when its two members or open- 
circuited at the far end. ni. 

Taking the first case of a concentric cable of length, /, short-circuited, 
at the far end, and attached to an alternator of negligible inductance 
and resistance at the other, Mr. Heaviside has shown how the. 
potential at any distance, x, from the machine can be obtained; and © 
also the current. flowing through an ammeter placed at any point in. 
the cable. If.vo is the maximum value of the periodic electromo ve~ 
force applied at the dynamo end, and v is the potential at any time, ¢, 


| 
| 
| 
| 
| | 
| 
| 
| 
bd 
| 
| 
| 
| 
= 
| 
| 
ww cable. Calculating from the measured dimensions, and from the 
Le inductive capacity of the insulating material as deduced from 
| inner-to-outer capacity, the magnitude of the outer-to-earth | 
| capacity I find to be about ten times greater, or more than three 
| 
| 
: os outer member is at zero-potential as regards the earth, and © | 
- sde full difference of potential which the transformer or dynamo | 
| | 
| 
| 
| 
A, althoug 
eons. For instance, if a pair of alternators separately | 
L EQUAIIY LO UL | 
tar 8 to take one dynamo out of | 
1 | 


“receiver, and L, R, and c the inductance, 


est 


and any distance, x, from the dynamo end, then he gives the value of 
vas 


= ve 
ePzxgin(pt + + Q2) 
+ Pi LUE 2 cos 2 Q 
sin (pt +6 — 
(see Phil. Mag., vol. xxii., September, 1886, p. 284). 


It can be shown from the above that the ati of the maximum value, 


v, of the potential at any distance, x, from the origin, to the potential 


at the origin, Vo, is given by the relation, 


(x) — 9 cos 2 Q (2 — x) (86) 
: e2Pl + — 2cos2Ql 
In the above equations P and Q stand for the functions of resistance, 
inductance, and capacity given above in Section 14, and ¢ is the 
ian base 


Na 

The equation (36) enables the pressure at any point in the cable, 
as given by a voltmeter, to be predetermined from the pressure at 
the origin. The current flowing through a low-resistance ammeter 
placed at oe | point in the cable can also be deduted from the‘equa- 
tion (36), and its maximum value, 1, is shown by Mr. Heaviside to 
be given by the equation, 


Vo? Cp e2Pd—x + + 2 cos 2 Q (1 a) 


à : e2Pt -—-2 cos 2 Ql 


| This gives us the value of the dynamometer reading at any point in 
the cable. It shows us that if / is great enough the current flowing 
through an ammeter placed at the distant end of the cable would be 


zero. | 

Suppose, next, that the distant end of the cable is open-circuited, 
and that an electromotive force, of which the maximum value is vo, 
acts at the home end. It is then ible to prove that under these 
circumstances the ratio of the maximum value, v, of the potential at 
any distance, x, from the origin, to the maximum value of the poten- 
tial at the origin, is given by the equation, 
(2) 9 + 9 + cos 2 Q (2 — x) 

+ 2co820Q7 


If x = /—that is, if we consider the potential at the far end, the 
numerator of the right-hand side, becomes equal to 4, and henée if 
the‘ denominator is numerically less than 4 for any given cable—it 
indicates that a progressive rise in | mn along such cable will take 
from the end e or insulated end. 

a very able pa in the Philosophical Magazine for Jan - 
1887, p. 21, Mr. Heaviside has attacked the general problem rw 
lating the current flowing through a transformer at the far end of a 
concentric cable when an alternator or transformer giving a periodic 
clectromotive force of maximum v, is placed at the other. epa 


(27) 


+ e—2PI 


(38) 


_ is not an easy one to read, and was probably still harder to write. 


Some of the general results are, very briefly, as follows :—I£ 1, and Ry 
are the total inductance and resistance of the transmitter, whether 
alternator or transformer, and 1, and R, the same quantities for the 
resistance, and capacity per 
unit of length of the cable, and v, the maximum value of the impressed 
electromotive force at the transmitter, and cy the maximum value of 
the current through the recciver, then ‘ 


=2 Cp ike 
Co=* p? | 2 (G1 Go Hy Ho)! cos 2 (Q 7 + 6) 
Where G;, Go, Hi, Ho, and @ are complicated functions of the resistances 


and inductances of thé receiver and transmitter, and which have the 


vane, | 

(2 —2QpRH) Lo; 

H=1+ + Q?) Or + 2Q pL) — 


(2PLp# — 2QpR) Lo; 
and similarly for H, and G:. | 
Io, I, and 1, arc the impedances of the transmitter, cable, and 


receiver; and the quantities p and Q have the val : 
Section 14. °° 4 Q values given in 


. The quantity @ is an angle which is determined from the expres- 


sion, | 
2(Ab — aB) 
(a — 6%) 


where | P 
Ab— aB = (Ro + (RQ — LpP) + (Ip + p(RP + LpQ) 
— (Ro + Ri?) CPP — + p?0Q; 
A+ B= + p? + 2 (Ro By —'Lo D?) Lop? 
+ Bol) PRC; 
@ + + 07) [(Ro + + (Lo + 14)*). 


The question whether the mean pressure at the receiver is greater 
than the mcan pressure at the sending end, or less, will in general 


ne 7 upon the sign of tan 2 0. 


he quantities, Gp and Ho, become equal to unity when the induct- 
ance and resistance of the sending instrument are Au or very small. 
The practical deduction which may be made from the above inves- 


. tigation is, that when the alternator at the sending end has very 
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of calcu- | 


the author, he said, concluded that there was only a 


[May 22; 180% 


small resistance and inductance, the pressure at the ving end 
of the cable will be less than the pressure at the end, 
for almost any cases which occur in practice; but this is not 
the case when the transmitting instrument has a sensible indnctangs, 
We may then have conditions under which there is a progressive tise 

e time at disposal has not permitted me to do more than sketeh 
out the general results of such investigations as have been made où 
the propagation of iodic currents through conductors having 
sensible capacity and inductance. These investigations need à 
be brought into further comparisons with the results of mee, in 
order that we may see how far they agree with observ ita ‘and 
how far they-cat be trusted as a guide in predicting the results of the 
application of known electromotive forces to conductor systemis i 

redetermined. 


which the capacity and inductance can be p 


May 14th, 1891. 
Discussion (AUTHORISED ABSTRACT). 
In o 


pening the discussion, Mr. SWINBURNE said he was part 
interested in the subject dealt with in the paper, for he 


ment as to what actually occurred had been published, but he took 
the conditions and worked backwards to see what the effect onght to 
be. He then found that putting a condenser on the secondary mains 
would increase the pressure, and explained the rise by the action. of 
the “ leading” condenser current on the magnets of the altermator, 
Whether the rise might be said to be due to armature reactions orto 
self-induction, was chiefly a question as to what was meant by self 
induction. Several persons had attributed the “ Ferranti effect” t 
the transformers, since the rise did not occur when the’ transformen 
were not interposed between the alternator and the trunk maim 
This difference he showed to be caused by the condenser current i 
the alternator being four times greater when the transformers wer 
on, and, in addition, the field magnets were only about one-fourth 4 
strong, so that they were more easily influenced by the condense 
current. He himself thought any rise due to the | 
be small, but Dr. Fleming had found it fairly large. This was 
bably owing to the comparative smallness of the transformers used, for 
in very large transformers, such as he assumed were employed, the 
magnetic leakage to which he (Mr. Swinburne) attributed any rise 
think that Dr. Fleming e a mistake in i 

of a transformer an D in the 


impossible. * He ho 
transformers more 
fortunately, this leakage was at present consi 
it would soon be reduced. 


Prof. Ayrton said he took great interest in Dr. Fleming's 


because it confirmed many results brought fo1::ard by Dr. | 
and himself in a paper recently read before the Physica 

Referring to paragraph 6 of Dr. Fleming’s paper, he 
general statements abaut Mr. Blakesley’s conclusions 
author were rather confusing, for Mr. Blakesley’s res 
applicable to shunted condensers, whereas those of D 
ferred to unshunted condensers. On slip 4, in treating 


ca within which the pressure at the condenser may be 
that at the This conclusion resulted from 
having chosen a coil having a resistance of only 10 ohms, 
large self induction of 200 secohms (henries). As a matter 
resonance effects spread over a large range, and in 
ible to get a coil with such a large time-constant as Dr. 
ae peated à The pressure at the condenser could therefore 
be 100 or a 1,000 times that at the alternator, 5 or 
about the practical limit. The experiments made by Mesars. 
Brothers were very interesting, and distinctly proved 
of transformation of a converter varied with ca . 
Mr. Swinburne would say it was all due to leakage, but nevertheless, 
the fact that the change existed was certain. In some experiments 
which Dr. Sumpner and himself had brought before the 
Society, a change of 11 per cent. was observed when the ith 
transformation was only 2, oun then po | 
larger ratios, the changes wo greater. ) 
Siemens ormer, the ratio increased $2: per cent, Referring 
the mathematical equation, No. 31 in the paper, vis.: 


I= Cp Vo 
| 
he said the matter was greatly simplified by dividing both same 
rator and denominator by © p, thereby toe 
V (= - up) + 


op 


I= 


Sting 


F 


Ferranti effect. When the effect was first observed it was looked 
upon as peculiar, and various authorities were exercised in finding an 
| explanation.- In December last, when he read a paper on alternate 
current condensers before the Physical Society, no authoritative state- 
phenomenon, for it could only act as a choking | in | 
the magnetic leakage whichexisted. Part of the increased "préssue 
was due to the “drop” in the transformer, and in aes trans © ! 
formers this drop should always be determined and allowed for. . After 
giving a formula expressing the drop in open circuit transformers, he 
said that Prof. Ayrton had found that there was a rise of pressuredue 
to the transformer, and had also stated that a rise occurred in the 
| mains themselves; this he (Mr. Swinburne) had shown to be 
eld into Un- 
| derable, but he thought 
| 
| | 
| 
| 
| 4 
| 
| | 
| 
| 
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former having considerable 


dur “soaking in ” 
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The numerator then became an electromotive force, and the de- 
represented ohms, for since R was resistance: in 


| n in ‘ata the same way, “but did not prove the go 

4 pur by taking the 
For assuming 
a i = rsin pt, where I is the maximum value of the current, then 
in a circuit having resistance, R, and inductance, 1, in series with a 


condenser of capacity, c, the at any instant - 


°. + 


Hence v = R1sinpé + (up Foose 


~The form of this rm se showed that the phases of the two 
terms on the right hand side were in quadrature, hence the maximum 
vale of v could be got by taking the ! square root of the sum of the 
of thé coefficients, and equation 31 followed immediately. 
method had also the advantage of introducing no differential 
equatioris of the second order, and was very convenient for teaching 
Referring to the so-called Ferranti effect, he enquired 
the pressure at the dynamo terminals was observed before 
s were attached. : He also took the opportunity 
‘a mistake he had made in a diagram published in 
on January 2nd, 1891. -In this figure the connections 
wrong, and. hence gave the impression that a rise 
part of the circuit representing the mains themselves. 
no rise had been observed, Mr. O. Heaviside had shown that 
conditions such a rise would take placé. He did not 
: Swinburne was correct in stating that he (Prof. Ayrton 
said there was a rise in the Deptford mains. What he di 

ÿ that a voltmeter operated from the distributing mains at 
London’ read’ 100 volts; whilst a similar one actuated from the pri- 
= at Deptford read 80 volts; and this statement | was n0W Lors 


out by the figures published by Dr. Fleming. ' 
Me thought neither Mr. Swinburne nor Prof. A 


HE 


EEE 


LE 


onsen, he had not made à himself ed and his explanation was not 
-for the cause of the change in the ratio of transformation 


héd'not been given. The phenomena were, he thought, best con- 


E.M.F. WAS ZerO. Now, the E.M.F. of the 

Vin zero aa the armature coils are directly opposite 
‘the magnet poles, the condenser current attained its maximum at the 
‘ustant when the coils were in a favourable position for influencing 


‘théfields. “A little consideration, he said, showed that this current — 


would strengthen the fields, and hence cause a greater E.M.F., and a 
rise would, therefore, be observed in both circuits. To explain the 
in the ‘mitio of transformation, he considered a 1 to 1 trans- 
form netic leakage between the two coils. 
‘Vist’ a8’ was shown in the previous case, when a condenser was put 
sotvès the secondary mains the condenser current would be a maxi- 
‘when the secondary E.M.F. was zero. But zero E.M.F. meant 
am induction in the iron, hence the condenser current being in 
te with the induction would: increase the induction in the iron ; 
owing to leakage, this increase would affect the E.M.F. of the 
Beonitary more than that of the 


transformation. It was, the 


“drop” ‘in ‘transformers b 


ore, quite possible to neutralise the 
putting on condensers, and had Mr. 
ed his trausformers to give a greater drop, he might 
so that when working on the trunk mains the “ drop,” 
tf being coriverted into a rise, was exactly ‘com 
to the method of writing equation (31) mentioned by Prof. 
of > d against the terms other than R being reckoned 
passing currents | h‘ohms meant generation of 
jo .In his opinion, the 
Were the nature of EMF, ane ought she be called E. 


ggested that the capacity might be 

which he had mentioned in his paper on 

ae ne condensers read before the Physical Society.. 
DENBROOKE said the soaking in of the charge might affect 


Me cpt in a way similar to that in which the insulation resist- 


SWINBURNE su 


the cable varied with the time the current was kept on. In 


the insulation resistance of specimen it should be distinct] 

wader what conditions the tate were made. Moreover, the 

of ha cable increased for a long time after it was tg 
d almost any desired resistance 

el by Waiting long’ enough. - In alternating ‘current a the: 


’ _ sistance for such currents might be 


present time. 


by a test made 


 numerous papers that have been recently 


tor these two ‘we’ halve consider not 
portant questions of insulation and of finance, but those of t 


rimary, and hence change the ratio — 


‘perfect insulator‘ known—its specific resistance 


current was, he said, “on”, for about-y},th of -e ‘second, 
= 


steady current tests. Information be very va valuable a¢ the the 
very 


lated cables, under various mr w 

Mr. Prexcs, replying. to Prof. ‘6 statement that a coll 
having a time constant of 20 seconds could not be made, 
that Faraday’s coil at the Royal Institution required two minutes tor 
the current to.attain its maximum value. , A submarine cable when 
coiled in its tank sags, also an enormous self-induction, as was proved 

Maintenance Company's works, when he foun 


“dot” put in at one end of the cable came out 27 inches long at the 


other. : 
Prof. Ayrton could not understand how self-induction could 


lengthen the but might do 80. 


1. I do not p in the foliowing paper to‘ describe thé sue 
nical details of the various systems of mains adopted ‘in ‘different 
places to transfer and distribute electrical energy. These, most of 
us can see for ourselves by personal inspection in the various works 
now in progress in London, or can read about at our leisure, in the 

‘printed in the technical 
cals and in the Journal of our ‘Institution: is to 


periodi 
extol the “sweet simplicity” of the two-wire : 


security of concentric mains, and the unquestionable eee of the 
bp paré mer At the same time, I do not want't6 be con- 


sidered an advocate of any one 
must necessarily be considered a species of com ‘Con- 
ditions vary in different localities ; difficulties arise in the un- 


uarters ; different 


q ‘of surmounting obstaclés occur to 
nt minds. "What is 


for one place need not ae qe 
be éd for another. The independent engineer must 


open ; he must master his requirements ; he must give me À plan his 

consideration, and choose his best agents despite the tyranny of the 
tent laws and the susceptibility of inventors. He must, howéver, 
just, and see that merit is rewarded and claims respected. 

2. I do not intend to discuss overhead wires. I consider them, for 
high pressure electric light circuits, an abomination, especially as it 
is easy to show that ultimate econo is in favour of the and 
system. It is only the first capi ire ye PL favours over- 
ground mains ; safety, freedom from accident, ease of repair, and 
renewals are all the other way.. 

3. Broadly, the different underground 
classed into those which are 

As a type of the first, I 


systems in use may be 
, and those which are movable. 
instance the Ferranti concentric reg 
asphalte in 


that are buried solidly in the roadways, embedded in 


wooden troughs, and which are inaccessible t by excavation ; 
and as an example of the second, I will take the 

method of burying cast iron pipes, with occasional boxes, in and ‘out 

of which, cables new and old can be drawn at pleasure, and where 

er. conductors are always accessible for the rapid removal of in- 

ient faults should they ae themselves, and removable _ 

ve divide th into high a low 
, we m e the ayetiiins an pressure, 
only the all-im- 


to person and to’ ‘The line of‘ d 


‘and low pressure been defined by the Board of Trade to! 


volts; but in what follows, whenever high pressure is mentioned about 
2,000 ‘volta i is meant, and Jow pressure implies about 100 volts. There 
is one case only in this where extra high pressure is used, and 
that is by Mr. Ferranti, whose adoption of 10,000 volts ‘is regarded 
by so many with fear and horror. voltage is, however, goi to 
be exceeded this summer by the Exhibition authorities at 
who are going to draw 300 horse-power from -the river Neckar, at 
Lauffen, 112 miles away, by a pressure of 27,000 volts. - : 

5. The only limit to the use of extra high pressures, or to: the 
voltage employed, is the efficiency, economy, and durability of insa- 


| lating ma 


First and cheapest on the list is air, which, when’ a dry; is the’ most 
being, in fact, im- 
measurable—which has the lowest specific inductivity, and ee 


_is taken as unity, but which cannot resist electric stress 


which the sparking distance has a very poor ‘fi of ment, 
breakdown stress, or sparking distance, of dry air at 


| atmospheric pressures may be taken to be for— | 


. Direct currents; {8,200 volts per centimetre; 3 
Periodic alternating currents = 
between a disc and point. 


Air is, moreover, hygroscopic ‘id's ae in its qualities 
but there is no evidence that ‘the Y on of its absrtabines 


affects its resistance or its inductivity, excepting that it tends to coat 
- with’ moisture, glass, porcelain, and other insulating supports, 
‘are essential to 


which 

tion when it is 


up metallic conductors in 
used as an insulator, if their mae MeO falls 
The use of air was inau by Mr. Crom 
ed by Latimer | 


TE Paper Map 
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| 
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| 
| 
| 
| | n 
| ming 
_ fer bringing forward such a valuable paper. Although Mr. Swinburne 
7 had conceived the true cxplanation of why a rise of pressure should 
pressure 
that when 
OL AILeTHALC à maximum the COnGenser was fully | 
| 
| 
| 
hetweer 
be 300 
| 
| 
| 
of, AYRTON asked Dr. Fleming. to what cause: he attributed the 
That the observed condenser currents given in section 12 were 
bly greater than those calculated. -In some experiments | 
| by Dr. Sumpner and himself on the same subject they had | | 
| ra the current and calculated the capacity, and found. the | 
wit Matter agree very closely with that determined by ordinary ballistic | | 
ing to j 
| 
| 


temperature or of 


poe À to high 


_ which, unless properly done and thoroug 


; carbons—which have a 


656 


BUECTRICAL ‘REVIEW. 


St. James’s, by Prof. Kennedy in Westminster, by © Prof. 
Robinson in St. Pancras. It has also been followed in Paris and in 
German 


6. cia prc has: been used almost: exclusively for submarine 


makes not only an admirable but a homo- 
geneous, na and ap \ 4 durable_ compound. Our experi- 
ence of this latter quality is, however, limited at present. The cables 
of this class manufactured by the Silvertown Company have justly 
& high reputation, though several other firms are~ competing 
with them on equal merits. The weak point is in the jointing, 

hy vulcanised, admits into 
the system numerous points of which, sooner, or later, will 
occasion engineers in charge many minutes of age sa! and worry. 
the Metropolitan 


can à in an and Indestructible 


unaggailable bed. 
9. There are various waxes—parafin, ozokerit, and other hydro- 
high specific resistance and a low specific 
inductivity, that, have been mee 1 on but the most practical 
use of these. materials appears 
brown which .has been introdnoed by Ferranti. in his 


. 10. The refuse of crude reloum—that ja leum after all the 
‘and waxes. have, been dis- 
expressed—a thick, heavy Mack liquifiable. under high 
temperature, bt almost i able, and eminently adapted to resist 
akes an insulating compound of 
high specific resistance and com paratively low specific 
is the material used by the Fow r-Waring Company, and destined 
enjoy a profitable career. 
cavy resin oil is an admirable insulator, filing, wien hot, all 
of vegetable matter like jute and cotton immersed in it, ex- 
te Fore all air and moisture from the cenductor, haying a very high 
resistance and a very short sparking distance, but, above, all,. being 
viscid and movable, so that any puncture is at once filled up by its 
own mobility, so that any fault occasioned by piercing is instanta- 
neously self-cured. Oil has such excellent merits that it has been pro- 
posed by Johnson and Phillips to bury in it high-pressure alternate- 
current transformers. Heavy oils discard water, owing to their 
density. They are inoxidisable, and therefore p - inde- 


structible. Many failures in the use of oil as an insulator jn the 


| pees have of oils of 100 low specific gravity. 


drocarbons, 
viz., that they require to be encased in lead ; but oil has this advan- 
we it can be used in iron pipes in the method adopted by 

Brooks. Lead cov is expensive, and it adds seriously to the 
weight of the cable, so as to render more. difficult its handling and 
drawing in and out. On the other hand, lead adds materially to the 
life of the cable. I have in my possession samples of lead-covered 
wire which was buried in 1844, and in which the conductor and in- 
sulating medium are now as. perfect as when made. Lead, however, 
in, some localities, es y in decaying vegetable matter, is itself 
attacked. When, ee, properly protected, it ought to last for 
centuries. The lead used by the Romans to distribute water in 


12. There is one objection to most of these mineral by 


foun’ is still visible. Lead-covered cables are very largely used in 


erica, Germany, and France, and their employment is rapidly ex- 
tending in England. 

All these. materials, excepting air, are equally. applicable for 
fin and for low pressures: the thickness only has increased 
with the pressure ; but we have yet to know what oF wale the rapid 
reversals of high pressure al ing currents have upon the 
molecular structure of the material. The difference in the strikin 
distance in air shows that the stresses in the two cases of direct an 
alternating currents are very different. Time alone will give us the 
experience we want as to the effect of these stresses on the texture 


‘of the dielectric used. It is this absence of experience that causes 


so much want of confidence in the use of extra high pressures. _ 
, 14. The operation of Sir William Thomson’s law, the relative 
economies of the two-wire, three-wire, and five-wire modes of distri- 


À ein the comparative cost of high and low ptessure, have been so 


avi pany discussed, and are so thoroughly well known, that they 
moa no hg ne here. Everyone will it that as we increase 
ving the currents, we can diminish the size of the 

vee uctor ; and pren we have to increase the relative thickness 
of the insulating medium, the actual quantity used remains practi- 


_ cally the same. Hence high pressure means great economy in copper. 


bus à 


Lu 


for the mains and’ condactors ; an important item , 


_ ciency of dynamos and 


vancement and true ‘economy. considerab 


of. 


be their combination with : 
good deal by the conditions of th 


a iote: à 
and efficiency are beyond doubt,, The lion share of the. 


penses is in their maintenance. Hence this is n 
exercise of economy, If,we gan reduce the 
its.u petit NA ‘by. 50 per cen me should be able to s 
more chea It, is à : 
that redundant mental en whic endeavouring to 
ormers from per cent, to 95 per eas 
could not be transferred. to. the question of 


req 

In Liverpool, Birming and Bradford, ord 
buted by the original andl gins ple. 
sington and Westminster ow pressure is 
wire plan. The London Electric Supply 
Company, and -the' House-to-House : Company 
pressure systems bÿ two wires; but in Rome, where sub-stations ars 
used, the distribution of low pressure is by three wires, In 


distribution in ‘some: places is five and I have Heard it 
mooted to distribute in Paris by six | 


é problems, 
g;: Now, if we add another 100 volts at the pointel 
we can deliver the same energy for the same number of lsmps, 
the same loss, at 880 yards; and for every additional 100-volts-de- 


livered, we can extend the distance to which the re be driven 


under similar conditions, as the square of the unit 
for to maintain the same en 
same ratio. Thus 2,050 volts 
if we. use mains of 
séctional area, and are satisfied to waste only 5 nines 4 
driving energy. Prof. John Hopkinson, F.R. pad how,®. by the 

use of an intermediate third wire and: two e, we could age 200 
volts with our present lamps, and therefore. we could poe 


the current is 


or we could make the same weight. of copper’ serve dou colle 


tance. The third wire, however, diminishes the effective nr y 
ractical commercial limit appears to be aboné ‘hais 

vantages to be more dynamos to work, and om- 

siderable complication and regulate the equilibgiam. 


The five-wite. re system, which is in use in Germany, enables us toe 


400 volts at the point-of delivery; and this, again, enables.96:% 
mile, but with more dynamos, and with more 
balancing, and therefore with more complication. sf wall 
There is no practical limit to the high-pressure 10,000 y 


the five-wire system extends the one bub with 
= high-pressure system the area is R _ reer | 


deterioration. 
repair.. Switches to throw 
matic or manual, and can be operated from 
1 e sub-station -pressurc system bas 
worked out in Rome. . Every. nest of about 2,000 lampe 
from a sub-station containin gia bank of 12. 
kilowatt capacity. Means are provided to : 


John Hopkinson, Patent No. 3,576, July, 


| | 
vO 1L8 SCATCILY AIIU DEICE 118 IADIULY VOLHE DY ULLIE 
materials, ‘and, excepting in Paddington (Great: Western) Railway), a 3 
where it was laid down by the raph Construction Company, I do + à 
es. It does not stand “KE 
dryness. It is durable ag 
7 itis doubtful if it were = 
improvements in vul- 
canisation have brought it within the scope of the engineer and the LE 
on of small: quantity-of sulphur, sub- 
_ 15. The points that determine the distribution of low nm. | 
fall, of potential, and number of feeding points andy, "+ i 
stations... Weneed not consider the’ heating of condueters 
take care of the potentials, the waste will take care of itselt. 4 © 
ectric Pupply Company and by the House-to-Hous copper of one square inelt sectional area. cay 
for their mains distributing high yards, and its resistance is ‘0046:w, ; Henee, a length. 
rents. Lam assured by both companies that up to the present time yards weighs 1°13 tons, and its resistance is ‘00527 w..A paindiesh 
not one, single defect has developed.itself in their mains. mains will weigh 2°26 tons, and their resistance will be Qty, 
8. Bitumen is a mineral product of a pitchy character, im rted into ‘1,000 ampéres means, therefore, a loss of 104 per cent, (and.one ile | 
| this country principally from Trinidad. The late Lord Cochran e tried watt is wasted in every 43°4 yards), 500 pr ch meansa loess | 
hard tofntsod uce it as an insulating medium; but it. remained for the per cent., and 237 ampères means a loss of 24 per cenkini ae 
- enterprising firm of Callender to make it a real commercial. commo- circuit when the full load is supposed to be concentrstedat: be 
dity. . When purified, refined, and vyulcanised it makes, combined If we take a fall of potential of six cent. in each main, whichis i 
with some vegetable fibre like jute, a tough elastic coating, proving it the recognised maximum waste at full load allowed te © ‘we |: 
to be.an active competitor of compound rubber... When used in its with Thomson’s law, it means 474 delivered at. 100. volar  : 
1,600 8-candle-power lamps. served. fact, we may gay, that 
‘mains of inch 1,600 8-candle 
at 290 yardn distante ; an this appears to be the commerviallimitgf 
the two-wire low pressure distribution. Of course; if we are: Pe 
to admit a greater waste, this limit of distance can’ be Land 
the number of lamps to be served can be increased in th : : 
| | 
Will ve’ energy om Veptiore onaon OL ” 
quarter square. inch section to serve 50,000 lamps; and 27,000. ¥ f 
| will drive 300 horse-power 112 miles, from Lauffen t0 Frankie, | 
| a conductor of ‘06 square inch sectional area, No, 
| 16. But we have to take into consideration the difficulties of the | 
On the two-wire system this means one central station fon aot : 
| effective area having a mean radius of 220 yards. On the er ae 
| 
| ion at low pressure by two wires, We 
| serving areas having a radius not exceeding 220 yard if toe lampe 4 
| uniformly scattered over the area and our waste energy 18 < 4 
| A transformer sub-station is a very simple and ‘te 
| may be excavated underground, or bein acellar or in wdiusting 3 
| instruments are stationary. They require no oiling, nor fee” 2. 
| peed 
| 
| 2460 4 
| | 
| — 


efit 


= 


att 


ii 


See 


JOURNAL AND 


cômes on and off. The great waste of the idle trans-: 
elie yeorentod, and by banking them in. this way only half: 
» (otal umber of transformers is requiréd. Moreover, it enables: 
g@icient transformers to be used; and always at full load. 
pet biéwn that the efficiency of a transformer increases with its: 
Fetränti reached 100 kilowatts without reach-’ 
law. Distribution ‘by two wires on this limited: 
most er and effective kind, and there is‘ ho 
of us of Current or of : 


p ergro 
is 2,400 volts. Thé distribution in Rome: is. by three 
wires—not, however, for any economical reason, but simply to allow 
and glow lamps to work on the ‘same: network wi ‘inter- 
waste. 
from being registered accurately on ahy-of'the 
2 rh but the rte À plan enables the ares to be served’ 


from the glow-lamps. Aro Ughting is” in sequent to: 
and 


engineer bas to encounter is to know his 
and character of the supply. This is now: 
Saat. ‘18 is difficult to estimate the actual load factor. 
take'the gas supply as out criterion, and to: judge of the 
of obtaining customers from ‘the character of the ‘resi- 
pants of the district. 
impossible to. serve economically a wide ‘and séattered 
than by , for we cannot multiply. central stations with- 
out serious capital outlay and working expenses ; ‘unless, 
ie of ply be very gredt, as it is in some quarters 
and in some of our large provincial cities. 
Let usrassume that we have a wide and scattered district to 


are going to supply at high dis- 
| tribute by two wires from sub-stations : the problem we have to solve 
À is, what be the character of thé high pressure tunis and feeders 


i coinécting the central: station, or. stations, and the sub-stations ?— 


1! 

» 


assume that the quality. of. insulation is the 
tte in each cao, and that their prime cost is not materially diffe- 

though, as a matter of -fact,-for the same distance the con- 
centric if made of the same materials, costs less than the two, 


ore a question of adaptability, security, and freedom from 
To study these points, we want to know - how the i 
buted on such conductors. 

nsider two independent conductors lying side 
same pipe, or conduit, connecting th of the 

D, with the transformer, cc, Pre Ba the go wire 

and the retürn wire the outside o)—then, if we repre- 

(fig. the inside: 


F 


polé,”5"; be earth, the slo 


The counter electromotive forte of the 


ot ‘ene ttansformer,' and’ that‘ of the outside 


conductor. ‘Tf’ the pressure 
wher at ite and th full’ | 
the simultaneous ressure at an petal the circuit, and the diffe/ 
rence’ between he ordinates | inl between! 


-wated conductor. If the line, 0; 
direction’ x, in fig: 1; that 


difference of ‘contiguous ‘points is every- 
w the be tri thie egptive ‘pôle -of 
the-tranéforiher. the press ire ‘atthe 
itéelf #8 shown in fig:3; and figé: 4'and 5 7 


dive | 
when the earth is consecutive) fixed af the: othey ‘pole, 
former aid dynain’: ows’ the ‘distribution wheti the ventre 
tenet Tt will be 
seen in each case that thé fall” 
ference ‘between 


I have not considered the variations of of pln on. due to the rise : 
and fall of the currents, and I, have ignored 
tials being those at its terminals. Frequency, DAS Less 
besides capacity and resistance, enter to complitate matters and to de- 

ve the graphical method of that simplicity which is shown b 17 

But Dr. Fleming has exhaustively dealt with this s ubject. 
analytically and in a masterly manner. | 

20. Now Mr. Ferranti’s mains are concentric, and their capacity ; 
must be taken into consideration. “Big 9 show these capacities, that 
between the two conductors being ‘35 microfarad per mile, and that . 
between the outer tube and earth being 3 microfarads per mile. 
Figs. 10 and 11 show the distribution -of- -pressures when the earth 
is on and off the pole of the dynamo. ‘The rémarkable fact 
comes out that whether the pole be to earth or not the difference of 
Cree between the outer conductor and éarth of a concentric cable 


Concentric Cables 


ait might be’ 

serious. A long 1 of perfectly insulated cable with considerable 
it were con- 
nected to earth. The surging-in and out of the cable GE the electrical 


uantity. dependent on the and the im pr ectromotive 
of current through the cable when the fonds to earth 


— 
‘mae 
. 
: 
‘4 
| 
ne + point and the earth that has altered.’ Fig. 7 shows the distribution | 
sure are when hé transformer some accident is disconnected, ‘and ‘fig. 8 | 
: | Net 
: verte - : Transformer | Short-cirout | 
| 
Trensformer : 0' 
[4 
mic? Earth | 
| | 
| | | 
| 
and con- | 
of Fe | | 
0. Ome . | 
. che 
000 vols. ! « | | 
Ans à either case, and therefore the cable could be handled with impanit: 
| 


own experiments 


to earth .or not, has its potential reduced practically to that of the 
earth. The use of the earth is.imperative to dissipate the static 
and to secure safety. A:permanent and efficient earth makes 


the cable Leesan! pegs and dangerous to apparatus only, which can 


be fully protected by fuses: Unless, however, it is most effectively 
applied, it may become a source of danger to person also, and of ,dis- 
turbance to telephones, for the existence of a variable fault might 


produce a shifting of potentials which would destroy the security. 


, It is very easy by the aid of such diagrams to study the distribu- 
tion at any phase of the potential, or at any instant of flow. The 
capacity acts as a kind of break or damper on the currents, and its 
tendency is to vary the rate of rise of tial, and to flatten the 
curve of rise and fall of the currents. With direct and intermittent 
currents it acts as a fly-wheel, but with alternate currents it acts more 


à requencies is not material; but the rapid alternations of stress, 
an ont ent in the dielectric must have a tendency to heat that 
It will be readily seen how the earth dissi the charge 
at once, but it also shows that when a disconnection place, this 

discharge may be very unpleasant. nb ri : | 
21. Such being the distribution of potential on a concentric main, 
and also on a system of two parallel conductors, it is now desirable 
to compare their relative sccurity. We have to consider, not alone 
what happens when everything is in order, but what happens when 
accidents and faults arise. Nothing is perfect—we have only before 
us @ choice of evils. Earth is the electrician’s bane, but there may 
be circumstances undcr which it may become his antidote. No one 
but Mr. Ferranti has had the temerity to employ the earth as his 
antidote, and I must confess that I have been compelled to effect a 
compromise with him on the subject. His original form of cable was 
designed so as to place the outer tube completely to earth, but my 
and his experience have shown thaf this outer tube 


-88.4 spring, or as an air cushion in a hose-pipe. Its effect with ordi- 
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must be thoroughly well insulated to prevent the introduction of 
serious disturbing cffccts on telegraphs and telephones. In Rome, 
where Siemene concentric cables are largely used, but without carth, 
the outer insulator was so frequently picreed, that Prof. Mengarini 
found it ses make the outer iusulaticn thicker and better 
than the inner. c sudden stoppage of a flow of great energy from 
any cause must lead to effects analogous to those of momentum, and 
unless some buffer or cushion is provided, cither in the form of a 
condenser or of the carth, a heaping up of pressure must occur somc- 
where, and sparking and rupture follow. . 

22. Mr. Ferranti claims for his concentric mains with the outer con- 
ductor earthed at onc end, as shown by fig. 11:— 


EA Absolute saféty in handling by workmen, and freedom from fire 


2. Dispersal of the static change accumulated on the conductors. 

3. Freedom from disturbance on neighbouring wircs. 

I can corroborate the last point. We in the Post Office are now 
quite unaware whether the Deptford mains are at work or not. It 
was not always so. At first, starting with imperfect cables, the dis- 
turbances were very serious. ' 

- The compromise effected between the Postmaster-General, the 
Board of Trade, and the London Electric Supply Corporation is shown 
by ow 13, and 14, which also give some of the changes that have 


e. 
We allow éarth on the outer conductor at Deptford and at each 
distributing station, but not on mains other than concentric, or on 


the house service excepting through a safety device. 


With regard, to high-pressure alternating-current systems generally, | 


' * “On the Disturbances arising from the Use of Barth for Bleciric 


necessity for 


ELECTRICAL REVIEW. 
effect of ity ig to lower.the potential, and when its magnitude is, earth cannot be admitted on house wires, | 
sufficient it reduces ihe potential of, tha contactor to that of ihe. high is imperative redu 
_ earth, for it does not allow time enough for the charge to accumulate, tion cannot always be maintained... Leakage, means insu 
Hence, a concentric main, whether its outer conductor is connected  spite of fuses and safety devices. Fire and life risks danger, in 


are 

by bad earths.. Good earths are very difficult to , 

nate currents do not like earth; that is the nn, à gré 
alternate currents is much greater than that to direct po R 
. We can secure safety in houses by— ds > 


Good materials 
2. Good workmanship 
3. High insulation. Me 
4. Well-designed safety devices M. 

_ 5. Frequent tests. px di, 
6. Incessant personal supervision. . 
7. No BABTH. Seyret 


- In the wiring of houses, supply companies and corporations Pri 
to exercise responsibility. They deal with confiding cushomech ten’ 
sponsible contractors, untechnical and uneducated emg + 
sorts and conditions of men. Were it not for the Bo 
to regulate our mains, and the fire insurance 


between the primary and the secondary conductors of the 
and the formation of a contact between thetwo. Sucha 
the high-pressure into the D tr system, and has beemthe 
source of nearly all the troubles have arisen. Earthing the on- 
ductor puts a great strain on this medium. Risks of free 
creased. Additional i 
safety devices—the best at 
Cardew’s. 

The use of safety devices which earth the conductor at once when 


the transformer is pierced, or when high pressure enters then 
pressure system, is, in my opinion, an absolutely | 
and I never issue any ification without requiring Cardews Ge" 
which is thoroughly effective and reliable. ie ie 
25. The use of low or of high pressure should not be a question 
of opinion or of objection. e supposed waste, danger, and difi- 
culties of the one are disappearing under the able tuition of expe 
rience ; while the complicated ion and variable distribution of 
the other are submitting to inventive skill. It is now a question of cal- 
culation and of finance. The only variable is the num 
ints. The determining cause and the uncertain element is 
ensity of lamps per acre, or per mile of street. We start with ths 
initial difficulty—that we do not know our customers, and we have to 
pepe for a visionary clientèle. | 
paper 


pe 


has been a little discursive. Its principal object is to 
direct. attention to the simplicity of the two-wire tem of 
distribution, to the security of the concentric main, to the devices io 


parallel system 


promote the safety of the high-pressure system, and, above all, toi 
regarding the whole question fromthe 

maintenance point of view rather than from that of the spy 

promoter. | | 


Discussion. 
Mr. SWINBURNE remarked that in 1889 he-had the 
ject of Disturbance in Telephones with reference to conestifie 
earthed at onc end. Many persons thought no trouble wopld aoe 
from such a course. This, he believed, was a mistgke, $95 WM 
conductor being near earth had a considerakle Capa 2 the 
thercto. If a large current, say of 250 ampèrés, ii “i a 
pressure between the two ends of the outer condyour pare 
210 volts, and this would cause a considerable carth current fo 
backward and forward between London and Deptioé. 
of these currents had, he believed, nct yet been ose: 
would become noticeable when the load got heavy. .: 
said, thought earthing the secondary of a transformer 
the current into temptation, but as a matter of fact the fr 
was diminished by earthing the middle of the ey ny" 
done neither secondary main could differ by oe 
the earth potential, whereas if one end be earthed qm 
and danger were considerably increased. 
The further discussion was adjourned. 


On THE Most EconomicaL oF 4 


By R. E. Cromprow, Vice-President. 


| (To be discussed on May 21st, 1891.) die 
Tux advocates of alternating transformer (hereafter called with 
system of distribution, appear at last to be in re tat for te 
who designed Jow- systems, in that they admit network 
supply of towns of ordinary compactness » 


MopE 


of feeding 


= 


measures are sand hente 


our house wires, electric lighting in England would be #s | 
a pursuit as it appears to be in the United States. Rit D ' 
; | 23. The Board of Trade has forbidden the use of earthotsp# «6 
conductors, . This is absolutely necessary, for, except with conommise- . 
mains, the use of earth on one conductor might be exceediigivdas. ~ 
gerous if the other conductor, by fault or otherwise, madecarth: The 
inner conductor of a concentric main is so hermetically.sealedands 
thoroughly. by a succession of coatings, that.itiawellaih 
impossible for a leak to carth to be caused on it. Faults.wonlddae | 
the form of a short circuit, not of earth. A system:to earth 
which has been placed at full cock; a permanent fault has been put 
on intentionally. Equilibrium has been disturbed,and.it.is 4 
security of the inner conductor of the concentric main;thakalme . 
makes it acceptable. 
24. The chief accident that one has to fear in tbe.highèptsemme 
alternate current system is the piercing of the insulating median | 
Deptford 
Mams Distributing Mains 3 
oncentric ric 
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ELECTRICAL’ REVIEW. 
5s Their pra ‘in the future is to diverge from of the site from a central position to a distant +) “only: slightly 

their practice past, in y fix the transformers only at exceeds 1d. a unit, and in nt robability during the present year 

the feeding points of the network, instead of in each of the con- figure will be brought down to a sum approximately the same as ‘the 


gamers’ houses. . In other words, they propose to use high-pressure 
feeders, consisting of cables carrying a high-pressure primary current, 
transformed so as to supply a low-pressure network on either the 
two or three-wire system, by a 
Mr, Ferranti, Mr. Gordon, and other gentlemen ‘advocate banking the 
transformers at these feeding points, and the use of automatic appa- 
tatus to switch their transformers in as the load requires. rename 
snch as Mr. Mordey, prefer to spend more money on the perfecting of 
a design of a single le transformer at the feeding 
the complication of automatic apparatus. As it was evident that 
there is a certain length of feeder at which the low pressure 
direct system fails to compete successfully in first cost and that of 
with the above-described high-pressure A.T. feeder, I have 
y investigated. the question in order to find out at what 
mean length of feeders the low-pressure and high pressure systems 
compete on equal terms of first cost; cost of upkeep, and efficiency. 


point, so as 


: The result “y my ee is to show that when a three-wire-low- 


direct to 110-volt lamps, is compared 


AT. system, distributed by 2,000-volt feeders, transformed — 


nile the same three-wire network, the average annual efficien 
agé in both cases being 90 cent., the low-pressure feeder 
for all distances up to 2,400 yards, each of the feeders 
calculated to supply 100, kilowatts; and the annual cost 
including. a..sum of 5 per cént. for interest on the 
£290. per annum. These 
them the known. cost of upkeep of 
feeders of, gth of 600 yards cost 
each, and for iiterest eae u Hh £25 per annum. 
This comparison shows that if we increase length of each feeder 
by 1,800 , or say one mile, it increases the supply: company’s 
annual u | charges by not less than £260 per annum per feeder. 
It we apply these figures to a company supplying a district of about 
a square mile, which, if it had within it two generating stations, 
could feed its network with 10 short feeders, and substitute-for these 
two central stations one external generating station one mile distant 
from the outside of the district, the- extra cost of upkeep of the 10 
feeders will be £2,600 per annum. ° At a load factor of 10 such a 
district would sell 876,000 units per annum ; therefore the above sum 
of £2,600, divided by this number of units, is equal to 0"72 of a mn ! 
_ perumit sold. Now even at present the -cos unit for 
ground rent (which are the only two items 3» ected by the removal 


to 
of 


L—CoMPARISON OF Cosr or 100-Kicowarr FEEDERS. 


B. 
220-volt low- 
feeder. pressure feeder. in 
- nual efficiency, 
90 per cent. | 90 FL eent. per cent. 
r; 
cable in pip cable in 
Jos. | total, à, culvert or in 
| open. 
Excavation, or extra width 
culvert and ‘pipes, ‘at 5s. 
per CRT bes 150 600 600 
ton, laid. 78 1,260 
(250 | 
), rubber | 
65 1,020 | 
Transformer and appa- | 
tatus, including fixing a | 440 
Total ... | £293 | £2,880 | £2,400 


B C. 

s. d £ 6. à, 

600 6 0 0 

| 
6 | 8110 0 

104 0 0 

10 0 0 10 0 0 

O | 144 0 O | 120 0 0 


transformer fixed at the feeding point... 


above-mentioned upkeep pf the feeders, viz.; 0°72, which I have shown 
is the actual cost of upkeep of. the feeders only. This shows the 
absurdity of imagining that any saving can be effected by this mode 
of feeding a network, and it is quite evident that those who have 
advocated the system have never seriously looked at the matter from 
this point of view. In such cases where really great savings can be 
effected by generating the energy at a distance from the district to be 
res as in the case of water power, Mr. Ferranti’s original 
scheme of ne lying one or two large transformer stations 
currents of very hig M. F. is in all probability the right one; but 


the distribution must be modified from Mr. Ferranti’s original inten- 


tion ; that is to say, he need not transform twice, but merely supply 
several tranéfirmer ‘stations by his high pressure mains, and feed the 
surrounding districts by not che ow pressure network, but also 
low pressure feeders. I get À not at command the fi as to the 
cost of mains of extreme high pressure such as Mr. Ferranti advo- 
cates ; but I have no doubt that he will be able to show, even for such 
distances as one or two miles, a very considerable saving on the 
ab rate feeder system that I have just criticised. . 

ble I. shows you the details of first cost of the 600. yards low 

ressure, 2,400 yards low prunes, and 2,400 yards AT. feeder with 

ormer. 

Table IT. shows the details of cost of upkee of the same three feeders. 
It will be noticed I have taken the cost of upkeep on rig are or 
concrete work below ground at 1 per cent. annum, on the trans- 
former pit at 24 per cent. per annum, on the bare copper at 1 
cent., on both low and high-pressure cables at 8 per cent. ; although I 
might well claim that the cost of upkeep of the high- cable 
would be a higher. percentage on its first cost than the low. The 
transforming and gaye apparatus I have taken at 10 per cent., 
and I have added a small yr for the upkeep of surface and 
inspection boxes. This is taken without reference to press : 
te mr to the length laid. The cost of the low-pressure nes 

been carefully taken out in accordance with our London practice, 

and that of the + Aegon feeder has been taken out from estimates 
received from cable and transformer makers. I believe that these 
figures may be said to be sufficiently correct to make the comparison 
a fair one; at any rate, I think no one will venture to say that either 
the first cost or upkeep is taken at too high a figure. For the pur- 
er ing my argument they are sufficient to show that 100-kilowatt 
of 2,400 yards long cannot be put down at less than £14 
yard, and cannot, including transformers, be maintained at less than 

2s. age a yard per annum. 


Visit of the Physical Society of London to Cambridge. | 


On Saturday, the 9th inst, the ure 
by paying a visit to the ancient seat of learning situated on the banks 
of the Cam. Assembling at Liverpool Street Station members and 
visitors to the number of about one hundred were conveyed in saloon 
carriages by the 11 o’clock express direct to their destination, the whole 
journey being accomplished in about seventy-five minutes. Amongst 
b> — were Dr. E. Atkinson, Prof. Ayrton and Mrs. A > 

ge À Mr. Shelford Bidwell and Mrs. Bidwel Mr. 
D. É Blaikley. T. H. Blakesley and Mrs. Blakesley, Mr. J. T. 
Bottomley, Mr. C. V. Boys, Prof. Carey Foster, Mr. Conrad W. Cooke, 
itzgerald, Dr. E. Frankland and Mrs. Frankland, Dr. W. R. 


Perry, Riicker, Dr. Sumpner, Prof. 8. P. Thompson and Mrs: 
Thompson, Mr A. P. Trotter an À < . G, M. 
Whipple. 


On arriving at the historic town the melee gold 
Cambridge members and proceeded to 


cloisters, chapel and gardens, and at 1 o'clock lunc vrovided 1 in 
the College à A 90 à mecting of the Society was eld in the 
lecture room of the Cavendish Laboratory. The papers read were all 
by authors résident in ae and the abstracts given below will 
sufficiently indicate the variety of the subjects brought before the 
Society. After the meeting visitors inspected the Cavendish 


Laboratory. Amongst the many interesting instruments and ap- . 


paratus to be seen, specially noticeable wens Prof. J. J. Thomson’s 
50-feet un tube, glowing from end to end with a lumfnôus 
discharge Mr. Shaw's neumatic rage which the pnetimatic 
ee or conducti yvarious orifices and: channels 
can be compared ; and the néWair condensers to be used by Mr. Glaze- 
brook as standards. The Cambridge Scientific Instrument Company 


had an in exhibit, ineluding a dividing engine, Boys’s radio- — 
recording 


’ micrometer, electrically driven tuning-forks, and various 


instruments, amongst which was Galton’s apparatus for. ring 

the growth of plants. Other things which attracted attention were . 
Glazebrook’s spectrophotometer ; Lord Rayleigh’s coils and apparatus 

used in his rmination of the ohm; a-collection of models, medals, 

and instruments formerly belonging to Prof. Maxwell ; the resistance 

standards of the British’ Association, together with the historic 

rotating coils and electro-dynamometer used in the determination of 

the B.A. unit. 

Tea was served in the combination room of Trinity College, and à 
majority of the visitors returned to town by the 8 o’clock express, 
greatly pleased with the day’s outing; others, however, —_ 
their visit until Monday, and had opportunities of discussing 
portant physical problems with the a members. 

The Serna as. Soars great success, and will long be 
remembered as a red-letter ÿ in the history of the Society. 


At the Science meeting held in the Cavendish Laboratory, Prof. 
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Avkros, P.B.S., President, in the chair, the following communications - 


“ Somm EXPERIMENTS ON THE ELEOTRIC DISCHARGE IN VacuuM 
Popes.” 
By Prof. J. J. Tomson, M.A., F.RS. 

The phenomena of vacuum disc were, he said, greatly 
simplified when their path was wholly gaseous, the complication of 
space surroun the negative electrode and the stratifi- 
cations so commonly observed in ordi vacuum tubes being absent. 
To produce discharges in tubes devoid of electrodes was, however, 
not easy to accomplish, for the only available means of producing an 
electromotive force in the discharge circuit was by electro-magnetic 
induction. Ordinary methods of producing variable induction were 
valueless, and recourse was had to the oscillatory discharge of a 
Leyden jar, which combines the two essentials of a current whose 
naxi value is enormous and whose rapidity of alternation is 
immensely great. The disc circuits, which may take the shape 
of bulbs or of tubes bent in the form of coils, were placed in close 

imity to glass tubes filled with mercury, which formed the path of 
the oscillatory discharge. The parts thus corresponded to the windings 
of an induction coil, the vacuum tubes being the secondary and the tubes 
filled with mercury the primary. In such an apparatus the Leyden jar 
need not be large, and neither primary or secondary need have many 
turns, for this would increase the self-induction of the former and 
lengthen the discharge path in the latter. Increasing the self- 
induction of the primary reduces the E.M.F. induced in the 
secondary, whilst lengthening the secondary does not increase the 
E.M.F. per unit length. Two or three turns in each were found to 
be quite sufficient, and on discharging the Leyden jar between two 
highly polished knobs in the primary circuit, a plain uniform band of 
light was seen to pass round the secondary. An exhausted bulb con- 
taining traces of oxygen was placed within a primary spiral of 
three turns, and on grimy Are jar discharge a circle of light was 
seen within the bulb in close proximity to the piety circuit, 

@ secon 


accompanied by a ish glow which lasted for or more. 
On pe. the bulb, duration of the glow was greatly diminished, 
and it could be instantly extinguished by the presence of an electro- 


magnet. Another exhausted bulb surroun by a primary spiral 


was contained in a bell jar, and when the pressure of air in 


the jar was about that of the atmosphere, the secondary discharge 
occurred in the bulb as is ordinarily the case. On exhausting the jar 
however, the luminous discharge grew fainter and a point was waded 

at which no secondary discharge was visible. Further exhaustion 
_ Of the jar caused the secondary discharge to ag outside the bulb. 

The fact of obtaining no luminous discharge either in the bulb or jar, 
the author could only explain on two suppositions, viz., that under 
the conditions then existing the specific inductive capacity of the gas 


was very great, or that a discharge could pass without being luminous. 
The author had also observed that the conductivity of a vacuum tube 


without electrodes increased as the pressure diminished until a 
certain point was reached, and afterwards diminished again, thus 
showing that the high resistance of a nearly perfect vacuum is in no 
peculiarity ofthe discharge vas their Loa 
lari e di Wan nature, the 

of light being much more sharply defined than was to be 
They were found to be most easily produced when the chain of 
molecules in the discharge were all of the same kind. For example, 
a disch could be easily sent through a tube many feet long, but 
the introduction of a et of mercury in the tube stopped the 

charge, although the conductivity of the mercury was nae greater 
than that of the vacuum. In some cases he had noticed that a very 
fine wire placed within a tube on the side remote from the primary 
circuit would prevent a luminous discharge in that tube. 


“Som EXPERIMENTS ON THE VELOCITIES OF THE Ions.” 
By Mr. W. C. D. Wuernam, B.A. 


In studying electrolysis the question as to whether there is any 
transference of solvent when a porous wall is absent presented itself 
to the author. The ordinary methods of testing for ce, 
. such as by increase of pressure or by overflow, not being available 

when there is no diaphragm, the author used different coloured solu- 
tions of the same salt, such as cobalt chloride in water and in alcohol, 
the former of which is red and the latter blue. By putting the solu- 
tions into a kind of (J-shaped tube, any change in the position of the 
line of junction of the two liquids could be measured. Two aqueous 
solutions in which the anion was the same were also tried, one com- 
bination being cupric chloride and common salt, and in this case the 
line of demarcation traversed about 7 inches in three hours. The 
results hitherto obtained by this method agreed fairly with those 
found by Kohlrausch. 


“On THE RESISTANCE OF sOME MERCURY STANDARDS.” 
By Mr. R. T. Guazesrook, M.A., F.R.S. 


In 1885 M. Benoit, of Paris, supplied the author with three 
standards nominally a the Paris Congress 
ohm, now commonly known as the legal ohm. Tests of these 
standards were described in a paper read before the Physical 
Society in 1885 by the present author. Recently he had occa- 
sion to compare two of the standards with the British Associa- 
tion coils. The mean many concordant results 
résistance of one of the mercury standards (No. 37) as 1°01106 B.A.U., 
' whilst that of the other (No. 39) was 1:01033 B.A.U. i 


E 
them in legal ohms the present resistances are (No. 97) "99086 oo | 


gave the, 


(No. 39) °99913, whilst in 1885 the values obtained were (faa. 
This shows that within. the 


ons e mercury 
in legal ohms become (No. 37) 100033 and (No. 39) 29960. 


temperature 
between 0° and 10° C, 
Kohlrausch. 3 


In the discussion on Prof. Thomson’s 


Prof. FrrzGERALD said the beauti as 


Prof. Lopez for further information as to the action of the 
magnet in preventing the after glow, and in some cases i 
a luminous The nt with the exhausted 
within the bell jar was also difficult, to understand, and he did not 
= one of Prof. Thomson’s twe auppositions must necessarily be 


. Crookes’s experiment in w electric pressure necessary to 
roduce a discharge was greatly lessened by putting a phosphorescent 
. Prof. THomson, in reply, said he had not tried the experiment, but 
the phosphoresence he observed was of quite a different character 
to that produced in Mr. Crookes’s tubes. To Prof. Fitzgerald he said 
the action of 
the whole field was in some way thrown on the wire and thus 
charged. the true 


nature of the e of a magnet on the glow, but he believed the 
to be due toa combination which might be ted or by 
the action of the eauaing the deneliy to be 
ent parts of the bulb. | 

On the motion of Prof. Ayrton, seconded by Prof. Rucxes, s 
hearty vote of thanks was accorded to the authors for their 


and interesting communications, and for the kind manner in which 

the society had been received and- entertained by the Cambridge 

members. Prof. Thomson and Mr. Glazebrook acknowledged the vote. 


~ 


THE DELIVERY OF TELEGRAMS. — 


LE 


Mr. Howarp Vincent, C.B., M.P., lately called the atten- 
tion of the Postmaster-General to the facilities afforded in 
some of the Australasian colonies for the delivery of 


& 


master-General had called for reports upon the subject from 
some of the practical officers of the ment, and that 
these reports fully supported the view of the hon. member, 
“It is clear, however,” Mr. Lamb adds, Pg: sender 
must possess a thoroug uaintance Wi val arrange 
ments for the delivery of letters. Without this intimate 
local knowledge he would often find that a message 
ordered to be delivered by 


destination until the following morning, om 


in ‘which 


it would be of no more use than a letter 


while in some cases there is this further com 
offices, an delivery of te ‘is | 
third office. . . . . re view of all the facts, the Fm 
master-General can come to no other conclusion than of 
would not be to the public interest to: invite senders 0 


experiments were likely to 
lead to a ee results. He did not quite = 
a 


and if there was any increase in specific inductive 
he would have the air to screen the wire. 


 @avesress 1 


‘od = 


post would not reach 118 | 


| 
THE TELEGRAPHIC JOURNAL AMD 
|| 
| have remained practically unchanged be 6 years. ge 
above are on of the 
8 c resistance of m w differs preciabiv à 
by Mascart and near ‘from: tha 
— | 
The values Dy ne Maker Were UUU4) and | 
showing a very close agreement. The author also found thal reli : 
No. 37 from the same mercury produced no a! 4 
change in its resistance whilst No. 39 was somewhat af bye 4 
Experiments on the coefficient of increase of resistance of mercury 
a number rather less than that obtained by 
= ge, for if the wire was on the side remote from the — 
The PRESIDENT enquired whether Prof. Thomson had: tried | 
graphic messages by post, thus saving the . porerag 
and expense to the receivers. of telegrams, 
| without, in many cases, any serious loss of time being in- 
a" ah curred, and suggested that as the same facilities existed in 
| | England, a space should be set apart upon the wheat 
telegram to be delivered by post. Mr. J. ©. Lamb, cn 
| troller of the Telegraph Department, who has taken ‘ia | 
| interest in the subiect, has written in reply that: the 
| 
| 
| 
| 
| 
| 
| time to catch the evening mail. In a very large that de- 
| cases there is only one delivery during the day, and the 
| livery begins at an early hour in the morning—before the 
| local telegraph office is open for nes. Be cases 
| d deli begins at so early an hour if a telegram | 
| 
| : | 


D 
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to rural districts generally to order’ their 


telegrams telegrams 
‘tp bedelivered by post, as the result would often be to create 


oonaintment and dissatisfaction.” Mr. Howard Vincent, 
Ping to thank Mr. Lamb, says :—“ You will, I am 
forgive me for adhering to the view that eight senders 
out of ten are sufficiently acquainted with the 

postal and tel phic facilities open to the addressee to know 
whether a telegram delivered by post will reach him in suffi- 
cient time.” | 


L{ 


NOTES. 


The Woodfield Syndicate, Limited.—This syndicate 
has been formed with the intention of carrying out some ex- 

iments on a large scale jn connection with ar 
under the supervision of Messrs. W. T. Goolden & Co., with- 
out interfering with their ordinary manufacturing business. 


‘The National Telephone Electrical Society, Midland 
Branch.—The second annual conversazione of the society 
was held at the Colonnade Hotel, New Street, on Friday, 
May 15th. Among those present were: Mr. Alfred Cole- 
man, M.I.E.E., President (general r of the com- 

ny); Mr. A. E. Cotterell, Vice-President (dist rict manager); 
Prof J. H. Poynting (local director) ; Mr. J. New 
(manager, Hanley); Messrs. Ollennshaw, Derby; Lowe, 

ventry ; Johnstone, Kidderminster ; Currell and Swetten- 


baw, Hanley; Loftus, Baxter, Ghent, Barber, Fenton 


Turner, Wicker, Firth, Edwards, Lloyd, Morley, Alfred 
Peacock (honorary secretary), &c. After tea annual 
report was read by the secretary, which showed that papers 
had been een mp : nearly every phase of electrical 
work, The president (Mr. Coleman) then welcomed the 
visitors present, to which Prof. Poynting responded. The 
society's indebtedness to its president and vice-president was 
then expressed, to which they respectively answered. — 


The Electric Light at Bath.—At a meeting of the 
Town Council last week, the report from the Electric Light 
Committee upon Prof. Forbes’s statement (which appeared 
in our last issue) was considered. The mover of the adop- 
tion of the report commented u the circumstance that 
Mr. Massingham had fairly carried out the terms of the con- 
tract, not that Prof. Forbes thought they drew up the very 
best possible contract they could have had. Mr. Massing- 
‘ham had fought his way bravely, and when Prof. Forbes’s 
‘Tecommendations were carried out it would be a very. good 
‘installation. The committee recommended that a superin- 
tendent of the electric light should be appointed, who would 
‘see that the installation was kept in good order. In oppo- 
sition to the adoption of the report it was urged that the 
a was not getting what was paid for, that the council 
bad acted too impulsively in the matter, and that it would 
be unwise to vote for more lamps until they were assured 
‘they got all they were entitled to under the contract.. On 
the other hand, an opinion was that the ratepayers 
were satisfied with the electric light. The clerk, at the re- 
Sag: of a member, rare from the contract, showing that 
‘Mr. Massingham undertook to supply 81 public electric arc 
lamps of 1,200 candle-power each lamp, and to “supply the 

| lamps, and keep each lamp of the said 81 lamps lighted 
during such hours as shall be from time to time prescribed 
by the local authority, not exceeding an ave of ten 
“pa night during the term of the contract, by means 
of the Thomson-Houston ges of lighting, or some other 
system to be approved by the local authority.” It was con- 
tended, in reply to the complaints that were made, that the 
streets were very well lighted, and that if the installation 
admitted of improvement, as an experiment it had been 
stu. An amendment referring the report back to the 
Committee was lost, 11 voting for it and 12 against. The 
ee for the adoption of the report was negatived by 18 to 

, but it was pointed out that an alderman who voted 

majority was interested in the gas company, and 

yor said his vote was certainly nullified. Eventually, 

on the Suggestion of the mayor, the chairman of the Electric 

Light Committee consented to’ the report being taken back 
consideration. 


Frankfort Electro-Technic Exhibition.—The Standard 
ndent says :—“ The Electro-Technic Exhibition was 

a ort-on-the-Main on Friday, in og of 

e Empress Fredérick, Princess Margaret of Pri the 
Grand Duke, Princess Alix and the Landgravine of Hesse, 
Count Eulenburg, President of the Prussian Province of 
Hesse-Nassan, and the chief local dignitaries, Herr Sonne- 
mann, Chairman of .the Committee, after 


this by their extensive participation in it.:: With to ~ 


in 1882, had only 160 horse-power at its di . The 
Vienna one in: 1888 had 1,200 this at 


Frederick, the Grand Duke of Hesse and the various 


the 
CN the Empress and the Grand Duke the in- 
terest they had shown in the enterprise: After three cheers 


| “ Honour to Whom ‘Honour is Due.”—This is the | 


certainly not be slow to hon | 
wonderful result has been ht about. 
service of this country, and, i , of the whole world, is 


indebted to a greater extent than can possibly be known to _ 


the scientific ingenuity, the inventive powers, and the patient 
investigations of Mr. Preece, who hes been largely. instru- 
mental in bringing to a successful completion the telephonic 
service between the two capitals, now ge À im ite grow- 
ing utility, and promising yet further an mers vontefel 
developments. e British people are justly proud of those 
whose services reflect honour upon the nation; and whose 
achievements render the resources of civilisation increasingly 
valuable to our age and race: No man is more cles Lo 
some mark of public distinction in this respect than, Mr. 
Preece, whose life has been so largely dev to the per- 
fection of telegraphic science, and who has spent many 
years in the service of the country, with what to 
us and to the world the made in 
cations of electricity and its latest trium 
the London and Paris telephone amply A more 

or appropriate act could hardly by the 
head of the Government than that of advising Her Majesty 
the Queen to confer some mark of distinction inction upon Mr. 
Preece for work he has done in À 
department of practical science—a recognition which you, 
am sure, sir, would be the first to approve ; and one which 
the whole country, and the scientific world especially, would 
heartily rejoice to see conferred.” | 


in 


Telephones in Italy.—The Italian Government proposes 
to acquire the telephone systems in that country. 3 


the manifold appli- 


> ; A and said that foreigners, as well as Germans, had acOgnisec | 
a German show of the kind, to wit, the Exhibition at Munich | 
| 
ANnKTO! which 18 Lune Hirst internatione | 
| | tion, is employing no less than 4,684 horse-power. He con- | 
terman Government or the su ppo [A oy had given LO the | 
enterprise. Finance Minister Dr. Miquel, as honorary Presi- | 
had been proposec by ne purgomaster Frankto > the 
| Emperor, the Rimpress Frederick and the Grand Duke walked | 
through the exhibition. Among other things, they heard | 
the very successful telephonic transmission of an La by | 
| Delibes, which wag being performed in the Opera at | 
Munich, and then. listener? to an English song given by an 
Edison phonograph. The Empress and the other: diptin- 
pese visitors expressed great satisfaction with what they 
seen. In the afternoon there was a banquet, and in the 
| evening festive performances in the Exhibition Theatre and 
in the Opera. House. | 
has published in the London Press in commendation of the 
| scientific labours of Mr. W. H. Preece, F.R.S., the chief 
electrician to the Post Office. “Mr. Preece, in the old days | 
of the International Company, was in charge of the telegraph | 
district of which Southampton was the centre. He formed | 
a domestic tié- of the closest character, and left behind him - | 
many friends, who ere still oe and who remember | 
à his companionship as that of a clever scientigt-and cultured | 
gentleman.” Sir Frederick Perkins specially refers to the | 
successful extension of telephone communication between | 
London and-Paris, and that: * As a nation we should | 
| 
| 
| 
| 
| 
| 
| | 
| 
| 
| 
| 
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Electric Lighting at Morecambe.—At a meeting of the 
Morecambe Local Board last week, Mr. William Aspden pre- 
siding, an application on behalf of Messrs. Andrews and 
Preece, electricians, Bradford, for the assent of the board to 
an intended application to the Board of Trade for an exten- 
sion of time for the commencement of the works necessary 
for the supply of electricity to Morecambe, under the pro- 
visional order obtained by that firm, was acceded to for a 
further period of twelve months. 


” . Telegraph Manufacturing Company.—The business 


of this company having outgrown the accommodation at the 
Helsby. Works, premises at Liverpool have been taken and 
fitted up for the manufacture on a large scale of all 
kinds of electrical instruments. For several reasons it 
was determined to work all the machinery by electro-motors, 
the current for which is a eos by the Liverpool Electric 
Supply Company. A 10 H.P. motor, taking about 60 units 
per day of 10 hours, drives some large lathes and the heavier 
machines for drilling, screwing, PRE &c., while on 
another floor two moters, each of 3 H.P. and taking 30 units 
per day of 10 hours, drive about 30 lathes as well as two 
saws, two drills, a grindstone, and other tools. After an ex- 
rience of two months the company is satisfied that by 
pensing with a steam or gas engine the advantages more 
than compensate for any apparent extra costliness. 


_ Lighting Tenders Wanted,—Lonpon, N.W., June 1st.— 
For supplying and erecting arc lights, columns for same, and 
road shelters, either together or ‘separate, for the Vestry of 
St. Pancras. Copies of specifications, schedules, and designs 
can be obtained at’ the office of Prof. Henry Robinson, C.E., 
engineer:to the vestry, 13, Victoria Street, S.W., on payment 
of -10s., which will not be returned, on or after the 23rd 
inst. Tenders to be sent in by June 1st to Mr. T. E. Gibb, 
vestry clerk, Vestry Hall, Pancras Road, N.W. . 

RomrorpD, June 1st.—For lighting the public lamps b 
electricity, gas, or other illuminant, as to about 123 of suc 
lamps f period beginning 


rom sunset to sunrise during 


August 10th and ending June 10th, 1892 (except seven nights © 


in each month when the lights may be extinguished at 
11 p.m.), and as to about 10 of such lamps during 12 
calendar months from September 1st, for the Romford Local 
. Board. Tenders, to include the cost of lighting, cleaning, 
and repairing, to be sent to Mr. A. H. Hunt, clerk, Romford, 
on June Ist. Further particulars may be obtained on appli- 
cation to the surveyor. 


The French West India Cables.—The following figures 
relating to the subsidies and estimated traffic receipts of the 
Compagnie Francaise des Télégraphes Sousmarins are ex- 
tracted from a French contemporary :— | 


Francs. 
Martinique. During 25 years’ annual subsidy ... 50,000 
Paramari hin ,000 
Curacao _ g, +25 years’ annual guarantee 95,000 
Total subsidies and guarantees 355,000 ~ 
Estimated traffic (yearly)— 

Venezuela... 200,000 
. Republic of San Domingo... 150,000 
Republic of Hayti ... ‘a 150,000 
- Curacao 100,000 
Martinique ... 50,000 
Guadaloupe ...... 50,000 
French Guiana 50,000 
Dutch Guiana (Paramari 50,000 
Brazil (Vizeu) a 1,250,000 
Total estimated traffic... a 2,050,000 

Total subsidies and guarantees 355, 
Total estimated revenue . 2,405,000 


The expenditure is estimated at 485,000 francs per annum, 
of which 350,000 francs are put down to the working of 13 
stations, and 135,000 francs to general expenses. 

Tramway in Belgrade.—A concession for 45 years has 
been granted for the erection and working of a tramway in 
this city. Horse-power will be found in the town, and either 
steam or electric power outside the town to Topschider. 


ELECTRICAL REVIEW. 


liquidators of the said comp 


proceed to distribute the assets 


_ Lightning Rods.—A vivid flash of lightning; 


diately followed by a tremendous peal of thunder, heralded 


storm at Alnwick on Wednésday. The lightning strngk the 
chimney of the armoury magazine and stores of the $y 
Northumberland Fusiliers, demolishing it, and crack; the 
wall almost to the ground, notwithstanding that on. the 
opposite chimney stack on the same roof a lightning ¢gp, 


ductor is affixed. A sergeant narrowly escaped injured 
by the falling débris. The incident will probably be seized 
upon in some quarters for the purpose of showing that 


lightning rods as now applied are useless ; but it will donbt. 
less be discovered that this particular rod had no proper earth 
connection. | 


Lighting of Mumbles,—At one of the meetings of the 
Mumbles Local Board a member introduced a motion with 
reference to the lighting of the district with electricity ip 
lieu of gas, which has to be conveyed from a neighbouring 
town several miles away. The Mumbles, which is popu 
known as “ The Brighton of Wales,” is a rapidly rising sep 
side resort on the Glamorganshire coast, and much frequented 
during the summer months by visitors from all parts, The 
present system of public lighting is far from satisfactory, and 
there is a wide-spread feeling in local circles that electrici 
would come as “a-boon and a blessing.” For one thing, it 
would be decidedly eheaper than gas, and there can bene 
doubt that if the electric light was once inaugurated. in ‘the 
Mumbles, it would prove a success in every respect. Honse- 
holders grumble at the high price they are obliged to pay for 
their gas, whilst one local board considers the lighting contract 


excessive ; but then it has no option in the matter, -The 
motion brought forward that the place be lighted with élec 
tricity was most epee | received ; but up to the present, 


nothing definite has been 


Gazette Notices.—At extraordinary general meetings of 
the Woodhouse and Rawson Electric Supply Company of 
Great Britain, Limited, held at 11, Queen Victoria Street, 
E.C., the 20th day of March, 1891, and the 17th day of 
April, 1891, the subjoined resolution was duly passed and 
confirmed :—“ That the Woodhouse and Rawson Electric 
Supply Company of Great Britain, Limited, be, and i 


ecided upon. 


hereby, wound up voluntarily, in pursuance of the provisions 


of the Companies Act, 1862.” Messrs. Albert Hoster, 
Thomas Harrison Lambert, and Frederick Lawrence Rawson 
inted | 


ursuance of the 
Which said special resolution was duly confirmed on the 7th 


he creditors of the Maxim-Weston Electric pr 
Limited, are required, on or before the 31st day of May, 
1891, to send their names and addresses, and the 

in writing, of their debts or claims, to John Marks, of 113, 
Great Russell Street, Bloomsbury, Middlesex, or to Louis 
Swaby, of 23, Churchfield Road, Ealing, Middlesex, the 
y ; and notice is hereby gived, 
that at the expiration of that time the said liquidators will 
of the company among me 
rties entitled thereto, — regard only to the claims 
emands of which they shall then have had notice ; and 


the liquidators will not be liable for the assets, or any Pe 


thereof, so distributed, to any person or persons 
claim or demand they shall not then have had notice. will be 
The Electric Company give notice that a meeting 


held at 3, Bucklersbury, on the 18th of June, for the rae | 


of presenting an account, showing the manner 1n W tthe 
winding up has been conducted. A similar meeting will 
Automatic Electric Railway Signal Company, Limited, 
be held at the Small Sale Room, Exchange Station 
Liverpool, on the 22nd of June. ; 
Notice is also given that the creditors of 
Engineering Corporation, Limited, are required, on 0F 
the 6th day of June next, to send their names and per 
and the particulars of their debts and claims, and a 
and addresses of their solicitors (if any), to Francis "aq 
Pixley, the liquidator, aj 24, Moorgate Street, London, 4 


ectrical Syndicate, Limited, on the 22nd. 


| = day of April, 1891, duly a special resolution a 4 
meeting held at 4, Hercules Passage, Threadneedle Street, 
London, as follows :—“ That the Simplex Electrical Syndi- 
cate, Limited, be-and is hereby wound up voluntarily, m 
| 
| | 
| | 
. 
| 
| 
| 
| | 
| | 
| 
| ‘ 
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The City and South London Railway.—The company 


and from any station. : 


rade. The directors of the General Electric Company, 
Limited, of London and Manchester, have given great satis- 
faction to the employés of their several departments by fol- 
lowing the example of the Amalgamated Engineers, in re- 
ducing the number of working hours to 53 per week. 


Heckmondwike Electric Lighting.—On Thursday the 


visional order of the Board of Trade, under, the Electric 
‘whting Acts of 1882 and 1888, which gives the Local 
Board of Health power to light the town by electricity, was 
confirmed by a Bill, which the Committee of Ways 
and Means, presided over by Mr. Courtney. | 


Hartmann and Braun.—A catalogue of 
electrical instruments has reached us from Messrs. Hartmann 
and Braun (for whom Messrs. O. Berend & Co., of Fore 
Street, act as agents), giving illustrations and prices of the 
variety of measuring and testing instruments for 
which this firm has established a world-wide reputation. 


Strike in Brussels, — The employés of the Société 
d'Electricité à Longue Distance, which has three stations in 
operation in Brussels, went out on strike on Thursday of last 
week. Several establishments were deprived of light, whilst 
others were able to rely upon gas. 
resumed work, and lighting was recommenced. 


Gent and Company.—Messrs. Gent & Co., of Leicester, 
lish an excellent price list of telephones, with which is 
incorporated all the necessary instructions for erecting lines 
di se and adjusting instruments. These are so fully 
ined by diagrams that any ordinary workman accus- 
lumbing would be enabled to 
carry out almost any class of telephone work. The illustra- 
tions are well done and the printing good. 


Rashleigh Phipps and Dawson.—Messrs. Rashleigh 
rh 9 and Dawson, of Berners Street, London, have just 
issued a new catalogue containing a second series of designs 
for electrical fittings. It contains 40 sheets of illustrations, 
beautifully printed in colours on enamelled paper by a process 
which very successfully conveys to the eye the actual appear- 
ance of the objects represented. As a catalogue to order 
from without seeing the goods themselves, this would be 
found a safe and reliable guide. 


The Electric Lighting of Norwich.—The chairman of 
Ways and Means of the House of Commons (Mr. Courtney) pre- 
sided on Thursday last week, at Westminster, over a committee 
on oo Bills, before which the Electric Lighting Pro- 
visional Orders (No. 2) Bill came. The measure confirms.a 
Provisional order of the Board of Trade with respect to the 
electric lighting of Norwich. It is unopposed, and after 
hearing formal evidence the committee approved it, and 
ordered it to be reported to the House for third reading. 


The Electric Light at Dover.—The corporation at 
. weekly meeting on Tuesday, decided not to undertake 
e electric lighting of the town themselves, but to lease the 


Pohcession to a company, with which object advertisements _ 


inviting tenders are to be issued. “We (Dover Standard) 
w Corporation has adopted a very wise course, for 
ar desirable the electric light may be, it is more a 
he ved of private speculation than for the town to incur the 
vs US This course has been adopted by several 


hrEumentum ad Hominem.—The discussion on “ Phe- 

ras of Alternating Currents of very High Frequency,” 

rs we Prof. Elihu Thomson and Mr. “Nikola Tesla, which 

we lish this week, forms very interesting reading. The 
of Mr, Tesla’s third paragraph seems to have some 

bing upon the experiments described by Mr. Gulstad in 
article on “ Electrostatic Induction.” 


_ of Commerce, goods were su 


On Saturday the men © 


when at a distance from centra 


Dewsbury: Electric Lighting.—Mr: Courtney. and the 
Ways and Means Committee .had before them on Thursday 
the Bill confirming: the order of the Board: of - 


Trade under the Electrie Lighting Acts of: 1882 and1888, 


authorising the corporation to undertake the electric lighting 
of the town. The committee passed the Bill. There was no 
opposition. 


Appleton,., Burbey -and . Williamson v, — À 
man tinder th he of Mäson & Co., Queen Victoria 
Street, was charged at the Mansion House on Friday with 
obtaining goods from Messrs. ye CFO Burbey and William- 
son on false pretences, : It-was held by the plaintifis:that:upon 
the defendant representing he was a member of the Oham 

| plied to him. . In the course of 
evidence it was shown that the defendant had'been électèd a 
member of the Chamber, but had failed to his subscri 
tion ; this being the case, the Lord Mayor said nothing cou 
be done, and the charge was dismissed. — | | 


| 


Giraud’s Thermo-Electric Stove.—Dr. Giraud writes 
to us that the figures which we gave, under reserve, 
concerning the yield of his most interesting a tus are — 
thoroughly exact. The results have been verifed - by: M. 
Hospitalier and numbers of professors and engineers in 
Paris. The electric stove can actually furnish daily 45 
watt hours x 24, but it is only warranted to give 40 
watt hours, and if-it does not come up to the guarantee the 
Doctor is willing to take it back, an act of fair dealing with 
which he does not credit many suppliers of electrical appa- 
ratus. The expense per day, he tells us, is 1 fr. 50 c. for pro- 
ducing nearly a kilowatt hour, and these figures are very signi- 
ficant to the consumer, who can supply his own electric lighting 
stations for a price not 
much exceeding that of a public supply. Coal and coke can 
be found nearly everywhere, the stove furnishes the domestic 
heating, so, as the Doctor says, electric energy is really a bye- 
product, and he expresses his belief that before next winter the 
electric stove will be plentifully found in London and Paris. 
Naturally, by increasing the number of elements, Dr. Giraud 
can effect a larger output, and he is ready to produce a stove 
of 600 watt-hours. Moreover, the larger the. stove the 
greater is the percentage of yield; and it is also easier to 
construct. It is likely that we shall see important improve- 
ments in this direction before the end of the year, but even 
as it is the work of Dr. Giraud seems highly promising, and 
we congratulate him on his encouraging success. We imagine 
that they will be mostly used in conjunction with accumu- 
lators, and it would be interesting, therefore, to know the 
cost price of a stove to give say 600 watt hours. 


NEW COMPANIES REGISTERED. ..- 
Foreign and Colonial Are Accumulator Company, 
Limited.—Capital £1,000, in. £1 shares, Objects: To 
carry on elsewhere than in the United Kingdom the business 
of electrical engineers, electricians, contractors, and manuface. 
turers of electrical apparatus for producing, storing, regu- 
lating, and supplying electrical energy, galvanism, and 
magnetism. Signatories (with one share each): -H. B. 
Vorley, 38, Amherst. Park, Stamford Hill, N.; H. Hill, 
6, Harrison Road, Halifax ; E. J. Pilcher, 47, Grange Road, 
N.; R. W. Blackwell, Buckingham Palace Hotel, S.W. ; 8, 
Morse, 4, Fenchurch Avenue, E.C. ; J. Renwick, 58, Olinda 
Road, Stamford Hill, N.; T. T. Bickford, 39, Guildford 
Street, W.C. The lations of Table A mainly sppiy- : 
Registered on the 14th inst. by 8. Morse, 4, Fench 
Avenue, E.C. Office, 194, Coleman Street, E.C. 


Are Accumulator Company, Limited,—Capital £1,000, 
in £1 shares. Objects: To carry on within the United 
Kingdom the business of electrical. engineers, electricians,. 
contractors and manufacturers of electrical apparatus for. pro- 
ducing, storing, regulating and supplying electrical energy, 
EX or magnetism. - Signatories (with 1 share each), 

. B, Vorley, 38, Amburst Park, Stamford Hill; H. Hill, 
6, Harrison Road, Halifax ; E. J. Pilcher, 47, G Road, 
N.; R. W. Blackwell, Buckingham Palace Hotel, 8:W.; 8. 
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Court of Session, Edinburgh, 
an action. by the "United Telephone Company, 
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Morse, 4, Fenchurch Avenue, E.C. ; J. Renwick, 58, Olinda 


Road, Stamford N.; T. T. Bickford, 89, Guildford 
Street, ‘W.C. The regulations of Table A mainly apply. 
Registered on the 14th inst. by S. Morse, 4, Fenchurch 
— E.C. Office, 194, Coleman Street, E.0. | 
| 
OFFICIAL. BETURNS oF ELECTRICAL 
| | COMPANIES. | 


Fo Electric Date and Time Stamp 
Limited,—Thé statutory return of this company, made up 
to the 21st ult., was filed on the 29th ult. The nominal 

capital is £100,000, i in £1 shares. 36,507 shares have been 

en up, upon 1,507 of which the full amount has been 
called and , and n the remainder the full amount has 
been considered as paid. The total amount of shares, for 
which share warrants, Ohio, de 16,500 shares each, are 
outstanding, is 16,500. 0 and 91, Queen Street, 
Cheapside, E.C. 

South Western District and Thames Valley Elec- 
tricity Supply Company, Limited. — The statutory 
return of this company, made up to the 30th October, 1889, 
was filed on the 4th inst. weg bis weds vo is £100,000 
in £10 shares. Seven shares have been taken up, but upon 
these no call has been made. 

The first annual return of this company, made up to the 
81st December, 1890, was filed on the 8th inst. No chan 
has been made. Office, Battersea oe Battersea, SW. 


LEGAL. 


by the United | Telephone Company.—In the 
esday, evidence was heard in 
Limited, London, and 
the National Telephone re amd Limited, Oxford Court, Cannon 
Street, London, against rt Erskine Muirhead, merchant, Cart 
; Crossmyloof, Glasgow, to (1) interdict the defender — 

i the pursuers’ Edison and Morgan-Brown letters patents 
(2) for payment of £500, and (3) for delivery or destruction of all 
instruments of which he is in possessiori which infringe these letters 
potent, It was stated by the pursuers in the petition that they were 
he owners of the patents, and they had discovered recently that the 


_ defender for some time past had been violatin and infringing these 


letters patent. In particular, the defender for some time 
to the 9th December, 1890, and also subsequent thereto, y Doan supplying 
to parties and erecting telephone transmitters and receivers, 
as Ader transmitters wg These instruments ave con 
structed according 


rior 


hone transmitters and receivers also for experimental wo Ram 
i pe: pos no consideration whatever in respect of instruments so 
used and erected, nor had the pursuers been prejudiced thereby. 

A minute was put in on behalf of the defender in which he 


.admitted having supplied to certain firms—Messrs. Merry and 


Cunninghame and J. and P. Coats and John Chalmers—Ader and 
Berthon transmitters and Ader receivers; that these were supplied 
for the p of experiment during the currency of the pursuers’ 
patents; that the Ader and Berthon were y the same ; that 

sale of the Ader and Berthon transmitters was an an infringeme nt 
of the pursuers’ second patent (the carbon transmitter), and that the 
sale of the Ader pata DER Poor December, 1890, was an in- 
fringement of the pursuers’ first patent (the magnetic receiver.) On 
Tuesday, the defender in respect that one patent had expired and 
that the other would expire in July, offéred to consent to the 
pursuers’ obtaining interdict; to deliver to them gs à instru- 
ments in his possession, and to pay £50 damages and expenses as 


WS. sate th 
e, - appeared for the pursuers, an 

Q.C., and Mr. cted by Messrs. Clark and Macdonald, 
8.8. C., the defender. 


deal of evidence had been taken the case was accord- 


ia» on the footing that as craved, 
£5 and costs as between of 
suers. We shall publish a case in our next issue, 


CITY NOTES. 


The Consolidated Telephone 


tenanee Company, Limited, 
ons company for the nine 
Sist March, 1891, state that the latter shows à net 
£11,573 8s. 9d., which, with the amount carried forward from year, 
leaves a balance of £13,416 6s. 8d. for disposal, after making Dro. 


vision 2 doubtful debts 
The to deal with this amount as follows, vis. fo 
pay a Fe ividend of £7 per cent for the half-year on the 
shares, and £6 per cent. on the preference shares, making, 
with the interim dividend paid in November last, £6 per cent. forthe 
For on both descriptions of shares; writing off the cam of £530 9%, 
ion of plant, machinery, and furniture £63 mé ple from 
new building, and the sum of £436 from good 
thus leaving balance of £1,716 4s. 10d. apt 
The lawsuit in relating to the paten ts 
Edison-Gower Bell Telephone Company is interest, à is My 
hands of the solieitors, that ‘a decision will soca te 


One of the patents for telephon es held by the National Telephone 
Company expired on the 9th nee ut. This has had the effect 
the Consolidated Company to sell telephones ito the 
an "The sharchaldere may rely upch every 

rospect. The shareholders may rely upon every effort being | 
to keep the company’s manufactures well in advance of both home 


and foreign competition. | 
The subsidiary companies continue to make most satisfactory pr 


a 


gress, as is shown by the following statement :— 
| Year ending Slst March, _ | 
Subscribers. Rental. 
1890. | 1801. | 1800. | 1801. | Subs. | Rental. 
£ |: £ 
Telephone Company of | 
rene _ 2,868 | 3,263 | 18,100) 20 395 | 2,400 

Anglo-P Tele- 

phone Company .| 1,915 | 2,074 | 13, 159 | 1,226 
Total increase for the year su | sais 


In accordance with the articles of association, the following 
directors retire by rotation, and, being eligible, offer themselves for 
re-election, viz., Alexander , K.C.B,, &ec., and Arthur 
Henry Baker 


, Esq. 
The auditors, J. G. Griffiths, E 
Griffiths & Co.), and A. E. Green, 


.» F.C.A. (Messrs. Deloitte, Dever, 
 F.S.A.A., also retin, fe 


themselves for re-election. 
REVENUE 
8. 
To of 
Including salaries, directors’ remuneration, office re 
ses, stationery, and printing … 2,568 16 7 
» Auditors’ fees oy ° 105 0 0 
» Travelling expenses . ‘ 53 15 11 
” Income tax on profits 
” 
Payments in respect of ts : 189 10 0 
» Expenses in connection with Edinburgh Exhibi- ane 
tion 
» Expenses in connection with issue of preference ie 
. 11578 8 9 
£15,091 15 7 


Cr. 
Profit on manufacturing 
Py Interest on debentures—Telephone Company of 
Austria 


on preference shares— Telephone Com- 


Austria 
SE dend on ordinary shares—Telephone Com- 


of Austria 
| on 6 per. cent. debentures—Angio-Portu- 


guese Telephone Company 
» Interest cent. ebentures—Anglo-Portu- 


ese Telephone Company 
si Dividend on erence shares—Edison ‘Gower 
. Bell one Company of Europe . she 


" Dividend on ordinary shares—United vances Plate 


Telephone 
» Interest eral) 


| | 
664 | | 
| defender had supplied such astruments Do Messrs. 1 erry and 
| Cunninghame, ironmasters, Glasgow, and Messrs. J. and P. Coats, 
thread manufacturers, Paisley; the Central Agency, Glasgow, and to 
Mr. James Whyte, photographer, 37, Jamaica Street, Glasgow. The 
| pursuers’ trade had thus been interfered with and injured by the 
| defender, and they have suffered to the extent of more than £500. 
The defender in his answer to the petition, admitted that with the 
| knowledge and approval of the pursuers, he used Ader transmitters 
and receivers for experimental 8, also that he had erected at 
| 
| 
| £ 04 
| 9,619 1 3 
| 1,681 17 6. 
| 
573 13 9 
| 
| 414 8 0 
| 117 0 0 
| 253 10 0 
1 0 0 
| 233 19 1 
50 0 0 
| 6219 8 
eee eee eee ee 95 12 6 
» Transfer fees ... oe 
| £15,091 15 7 
| | 


» Cash at bankers and in hand  ... ... ... 5,081 7 


£192,074 3 11 


made; therefore they had no choice but to give as the voting 
power of the directors in London was so large. #4 


he ~ | 
défi 22, 1001] ELECTRICAL REVIEW. 
! Dr. Fe OR & s. 4 Government for having had their cables taken over. He moved the 
| To Depreciation ten off goodwill and rights 436 0 0 + deu ct ded the moti which agreed to, 
4 | secon tion, w was. 
| do. Cost.of The retiring directors and auditors were re-elected. 
ain. MP: do. Plant and machinery ... .… 618 4 0 | 
| | dividend 3,896 10 1 The Western Counties and South Wales Telephone 
en eBalenee'e | | | | | Tax sixth annual me of the shareholders in the Western 
We oy ia? £13,416 6 8 Coun South Telephone Company 
on Frida it the Hotel the of M les 
n the RES Nash. directors, which has been given in the 
king, Raviw, was taken as read. | 
the £ sd... CHAIRMAN, in oft with 
90 3a, By Balance carried down ss - eee + 11,573 8 9 the question of capital expenditure.. He-then several points 
‘in ‘Balance of revenue account from 31st March, 1890 1,842 17 11 in the report bearing on the increase in,the number of aubecri 
atent nh | x the increase in wire mileage, and the increase of trunk 
“at | £13416 6 8 contended that those facts pointed conclusively to the steady and 
1 the continuous progress of the company. at length to 
n the By Balance ess ove ne ee eee, £7,818 11 11 their trunk system and its working, he said he h they would 
on be en 2 | - agree with him that the considerable on trunk lines 
were an 
an BarancE SHEET, 31st March, 1891. | as.each call was answered, the total comm were 26,768, or 
de Da” | à::8 € more than 1,000 a day for the 26 working days of the month in that 
To Authorised Capital— : district alone ‘ing the past year their trunk 
me | 96/0006 per cent.preference shares of £1 each... 75,000 . 0 0 7 Gloucester and Worcester, to Birmingham and the Midlands and 
home 924,850 Ordinary shares of 148. each …  .… 157,395. O 0 the North of England. In the local exchanges he found that there was 
AY 75150 Ordinary shares of 208. each … ... 75,150 0 0 an increase of more than half a million calls in 1890 over 1889, and 
és , £307 were made. was the business continuous, was 
| $75,000 on more than ever; and, consi the near n 
Capital Tssued— firm hold that the telephone bed’ mn the public mind. Hightocn 
” 0 ne on the public 
se. + 924,850 Ordinary shares of 14s. each, fully paid 157,395 0 0 De RE 
Sundry shareholders for Unclaimed dividends and WHS wine pols, 
£ » Revenue account, balance of net profit to date … 7,818 11 11 ed Doom à ke found that at the end 
2,400 £192,074 8 11 of last November they had 1,104 agreements for the year, and 2,141 for 
periods one to nine years. 
1,226 resented on the 30th of November last a contract 
baci rental to the amount of between £86,000 and £87,000 
on & 64, an element of great sta to the company. These agreements 
3,696 By Capital Expenditure— been secured by charging lower rates for the longer periods. ‘They 
‘bac Goodwill, patent rights, &c., less written off would with him that, in case of a purchase by the Post Office 
(£436)... ... 73,000 0 or the National Com , these long unexpired agreements, and the 
8 for Nore.—The company has conceded patent rights to reat general elasticity of their bysiness, would constitute important 
ribur subsidiary companies, and holds in respect thereof elements of value. It only remained for him to state that one of 
| their patents ired last December, and that the other would run 
17490 out on the Sist July. ‘This would relieve them from the payment of 
| offer Telephone Company of Austria, Limited, 5,667 a considerable amount of royalty ; and without committing themselves 
( shares of 45 enoh .. . :. .. oe then to any precise figures, he might say that it was their intention 
£203,830 to reduce the rates payable by their subscribers to at least-the amount 
Men si 1 FR tgs | of the remission of the ro ty, and they hoped that the reduction 
ess depreciation 4.663 15 Would lead to considerable increase of business. This reduction 
» New building, less written off (£63 16s. 8d.) ... 319 3 4 ‘king that the f oted that day proved. conclusively that 
16 7 » Stock of instruments, materials, stores, &c. .… 6,895 16 0 "td said Le prog true, 4 truines i le would 
0 0 » Debtors subsidiary companies, other companies, the advantages of the 
25 and pe ve why the directors had not thought it right 
declare a divi on shares 
The CHAIRMAN said the directors did propose dividend of 4 
0 0 . oes ong one ’ $ cent.; but on consulting the members the board in London, 
took a different view and declined to sanction the dividend being 
15 0 
4 0 
8 9 
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West Coast of America Telegraph Company. 


Tae fourteenth ordinary general meeting of the shareholders of this 
Me aie was held on Friday at Winchester House, Old Broad Street, 


theirs, and by 


hall in the chair. 


ing £5,400 less than in the previous year, owing to their neigh- 


Europe and'the Hast Coast of South America, because there had been 


is company such exceptionally large traffic during that 


ve this 
£1,000 in the interest account which 


nt large investments in the reserve fund. The negotiations 


in 


the ye were progressing favourably, he had 


ee in their resulting in placing this company in a better 


_ the sulphate as eal tory is being largely used 


Panaulcillo Copper Company, 
din ] ps : ti 
The other when was addressing a 


g of shareholders of the Metro litan Electric Light Com y, 
I had occasion to point out that during the fifteen months of that 
company’s existence it had put down 90 miles of insulated copper 
wire, and when we look at : 


ere only in London, but in every important 

and other countries, it will give you 

used, and will eventually be 
c ligh purposes. — 


tres 


insects, not only in but in general agriculture, is li 
a success.” 


TRAFFIC RECEIPTS. 


The suding May it afer 17 pe cont of the grou 
receipts payable to the London Scatpany, were 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
he CHAIRMAN | \4 not earned such large 
ar as in 1889, still the zectipte might be considered satisfactory. | 
for explanation was that of the gross earn- | 
| 
Hon in interruption in the cable service, owing to the revoln- 
receiy À. he remarked that from the latest advices they -had 
was nog 1 “PPeared that the greater part of the disturbed service 
W in operation, and they had been compensated by the Chilian | 
| 


SHARE LIST OF ELECTRICAL COMPANIES. 


Pall Mall, 7 per cent. pref., § wir m.—Woodhouse and Rawson Ordinary of £5 (£2 10s. aid), Pa 


—Debentures 90—95.—W ic Car, £10 paid, #—1. 


Bank Rare or Discount.—4 per cent. (7th May, 1891). 


Name. 
250,0007 African Direct Telegraph, Ltd., 4 C., 100. 99 —102 
2,809,310/ 6 p. c eee eee eee Stock. ..85— 86 86 
Do. Deferred. h, eee eee see eee ist 19 12 T 
| Brazilian Submarine Telegra Limi | 
84,500! Do. do. 5p.c. Bonds 100 . 101 —104 101 —104 ute PRE : 
75,0002 Do. do. 5 p.c., 2nd Series, repayable in. une, "1906 .. 4 
63,416 | Brush Engineering Ordinary, Nos | 7 
63,416 do. Non cum. Preference, Nos. 1 to 63,416 1g— 1j 16— 15 | 0 
50,000 | City and South London Railway, Nos. 1 to 50,000 ... 10°: 6 
$7,216,000 | Commercial Cable, Capital Stock … | $100- 108 —110 | 108 —110 | pe 2 a 
_ 224,850 | Consolidated Telephone Construction and Maintenance, Limited .. 14/- 4— § 4— § ae a D 
20,000 Led, 7 pc. Preference Bhares, Nos. 1 to 20,000 Stock 4— 5 4— 5 à | 
16,000 elegrap h, Limited 10 103— 114 10j— 113 | … 7 
| Do do ¢, Preference , pa) 1 7 16k— 174 78 
,991 | Direct Spanish Tel h, o aly it 
6,000 Do. 27: 0 p. c. Preference sé 5 9 — 10 : 9 — 10 ne ms te 
60,710 Direct United States Cable, Limited, 1877 20 14 104 | 10 it 
400,000 | Eastern Telegraph, Limited, Nos. 1 to 400,000 :.. 10 | 145 | 145-145 
70,000 6 p.c. Preference … 10 153— 152 1 d 
200,0007 inoue), ‘repay. 1899 100 107 —110 | 107 —110 |, 
1,200,0007 rer * 4 p.c. Mortgage Debenture Stock … |: Stock | 106 —106 |. 106 —109 1084. - a 
260,000 | Eastern Kxtension h, 10. l4i— 154 14ÿ— 15} 158 | 1 
Do. 5 p. c. Aus. v. Sub.), ann | 
91,8007 1 to 1,049, 3,976 to 4996 } 100 | 103 —106 | 103 —106 is 
325,2007| ~ Do. do.  Bearer Nos. 1050—3,975 and 4,327—6, 400 | 100 103 —106 103 —106 sa Gal cs fi 
320,0007 Do. c. Debenture ‘Telesra Stock 105 —108 106 —108 107 
Eastern and South African p p. c. Mo u 
198,000! { redeem. ann. drawings, Registered Nos. 1 to 2,343 } 100. 108 —109 | 198 106 vee Tg d 
180,400 Do. do. do. to bearer, Nos. 2,344 to 5,500 |; … 103 —106 | 103 —106 |. 1058 | .. a 
201,600! Do. do. 4p.c. Mort. Debs. Nos. 1 to 3016, red. 1900 100 99 —101 -| 99 —101 as 
45,000 | Electric Limited, Nos. 101 to 45,100-.. 10 5 — 6 — 6 
19,900 |*Electricity Supply Co. of Spain, Nos. 101 to 20,000 .. 5 H— 5 4 5 se RS ti 
66,750 | Elmore’s PE Patent Co., Ltd, Nos. 1 to 66,750 2 1g— 16 1 1g 0 
70,000 | Elmore’s Patent Cop iting, Limited., Nos. 1 to 70,000 2 2 — 24 2 — > ah 0 
67,385 | Elmore’s Wire ta. 08. 1 to 67,385, issued at 1 p.m., all pd. 2 1— 14 1— 1 de | 
| Fowler-Waring Ca les, Nos. 801 to 20,300 only 5 24— 34 24— 
180,227 | Globe Telegraph Trust, Limited 10 94 94 
. 400, Great Northern of Copenhagen sae 0 om 
230,0007 Do. ' do. - 5p. of 1868) 100 = | 
9,3347| Greenwood and Batley, Ordinary, Nos. 4667 to 14 10 — — À Fe 
5,334] | Do. 7p.c. Cumulative Preférence, Nos. 2 667 to 8 000 10 11 — 12 11 — 12 ‘ Fe 
41,600 | India-Rubber, Gutta Percha and Tel TE ue Works, Limited 10 184— 194 184— 194 194 19} ’ 
200,0007 Do. do. 44 Linited Cc. 100 102 —104 102 —104 . 1 
17,000 | Indo-European Telegra 25 39 — 41 39 — 41 4 
11,334 | International — td. "Ordinary Noe. 22,667 to 34,000 .. as 10 7 x 74— of wee ne 
11,334: Do. Preference Nos. 5,667 to 17,000. 10 | - 
38,348 | London - Limited 10 — 74xd 64— 7hxd) … à 
100,0002 Do. 6 p. c. Debentures 100 106 —109 . 106 —109 é cs F 
43,900 |*Metropolitan Electeio Suppl Ltd., Nos. 6,101 to paid) 10 9— 9 9 — À 
438,984 National Telephone, Limi 1. to 438,984 5 4 44 4ë— 4 | @ Ê 
-15,000 Do. 6 p. c. Les at Preference 10 12 134 124— 13 ao “ 
15,000 Do. 6. oP c. Cum. 2nd Preference “tes only id) 10 12 — 124 12 — 12} Lim : 
000 Do. .c. Deb. Stock Prov. Certs. fully pai 102. —104 103 —105 104 | 108} Le 
220,000 | Oriental Telephone, re: Nos. 80,001 to 300,000 (11s. only paid) 1 8 f— | in 
0 one, ary 08. ? eee eee 
209,760 |{ 2,501 to 3,500, 03,251 to 306,006 |} 
20,000 Do. - 6p. c. Cum. Pref., reine 1 t0'20,000 (£34 only paid) 5 3— 3 — ” in 
3,381 | Submarine Cables Trust - ad Cert. 113 —118 116 —121 | pet æ 
78,949 | Swan United Electric Light, Limited .. (£34 only paid) 5 44— 5xd)- 44— 5x i a 
37,350 | Telegraph Ounstraction and Maintenance, Limited . 12 45 — 47 46 — 47 e 
150,0007| . Do. do.  6p.c. Bonds, red. 1894 | 100 | 102 —105 -| 102 —105 
58,000 | United River Plate Telephone, Limited Pid 5 24— 33 34 . ee I 
146,128/ Do. 5 p. c. Debenture Stock  .….| Stock 85 — 95 85 — 95 “ oe d 
3,200/ Do. 2 Ne Cc. Debs., Nos. 1 to 1,000 eee 100 eee eee eee eee eee « 
15,609 West African os. 7,501 to 23,109 10 8 — 9 8 — 9 ves 
290,9007 Do. 5 p. c. Debentures. ...  ...| 100 97 —100 96 — 99 964 |: … d 
30,000 | West Coast of America Telegraph, Limited 10 34— 43 34— 4} I 
150,0007 Do. do. do. J pu c. Debs., repayable 1902 :.. 100 97 — 102 100 — 105 ‘ gee x 
64,174 | Western and Brazilian Telegraph, Limited 15. 11 — .11— 114xd) 
27,873 Do. do. 5 p. c. Cum. Preferred de ie 7 64—. 7 xd 7x ose UE a 
27,873 Do. do 5 p. c. Deferred. 7 4f— 5jxd | à Ww 
200,000/ = 6 p. c. c. Debentures “ A,” 1910 100 103 —106 103 —106 eos ws A 
250,000/ Mort. ” of ’80, red. Feb., 1910 100 103 —106 103 —106 ane k 
88,321 | West India and À att 10 38 34 3 | li 
34,563 Do. ry c. Ist Preference... 10 117— 12 12 h 
4,669 Do. o> c. 2nd Preference... 10 114— 12 114— 12 ree 3: 08 wu 
$1,336,000 | Western Union of "U. S. Tel, 7 p. c. 1st ortgage (B (Building) Bonds | $1,000 | 117 —122 117 —122 | ww | om th 
175,100! | Do. do. 6 p. c. Sterling 100 | 100 —104 | 100—104 oe | ate 
42,853 | *Westminster Electric Supply ¢ Corporation, Ord., Nos. 101 to 42,953 | 3 - 44-58 4i— 54 ae w 
* Subject to Founders’ Shares. | : 
LATEST PROCURABLE QUOTATIONS OF SECURITIES NOT OFFICIALLY Quorn. ds > 
Blackpool Electric Tramway Company, Limited, £10 (£64 paid), 73—7§.—City of London Electric Lighting (Pioneer), Pa Shares ot a fc 
paid, 32—34.—Elmore’s Austrian Copper Depositing, 15s., 25s.—Elmore’s Priorities, 34—44.— 2 House À 
4ÿ—54.—Liverpool Electric Supply, £3 paid, 28—24.—London Electric Su upp he wie Light £5 — St. James’ 
Edison and Swan Company, £9 Me paid) 2s 6d.—5s.—St. James’s an = By 
m 


| 
| 
| 
{ 
4 
| 
ÿ 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| | 
| 


bee 


Mer 99, 1891.] | 


. 

66 

e 


_BLECTRICITY IN THE PRODUCTION OF 


By ALEXANDER 8. BROWN. 


THE | that has surrounded this metal since 1856, when H. 
St: Claire Deville first obtained it in sufficient quantities to study its 
sa) and chemical characteristics, and the almost monthly presenta- 
pu before one or another of our scientific societies of papers treating 
of its properties, &c., makes it a most difficult subject to handle with 
-nality, Scientific and newspaper eulogists have 
deal of time and many words in extolling the unusual combination 
of ies which it possesses, and have given their imagi- 
nations y in describing its future triumphs in the metallurgical 
world; but as yet little has been actually accomplished in the way 
of accurately determining the commercial status and mechanical 
value of this metal compared to others more familiar to us. While 


it must be confessed that in certain respects its merits seem such as 


warrant great expectations, those interested in its production and 
+ commercial success have experienced not only the usual difficulties 
inseparable from the introduction of any new metal, but many others 
due to the too great esteem which the public has been led to bestow 
upon it. When sufficient knowledge of, its characteristics has been 
ired to form an unbiased judgment. as to its true rank in the 
metallurgical world, there is little doubt it will be found to be one of 
the most useful metals ever discovered, and that it will not only 
y displace copper, but will make for itself new and important 


Still, of all the metals commercially. familiar to us, aluminium has 


unquestionably made the most rapid progress. The long and tedious 

ent of. iron, steel, copper, tin, lead, zinc, &., extending over 
centuries and centuries, is iliar to us all;. the fact that this new 
metal (only discovered in 1827, and extracted in perceptible quantities 
not earlier than 1854) has already entered into commercial competi- 
tion with the oldest and most useful metals, substantially at their 
own prices, would alone make aluminium a most interesting subject 
of study and speculation. 

In the year 1760, or thereabouts, a chemist named Moryeau, by 
calcining alum obtained a substance which he calledalumina. Shortly 
thereafter Lavoisier suggested the existence of metallic bases in the 
earths and alkalies, and, naturally, alumina was immediately suspected 
of being a metallic oxide. Some interesting ulations were in- 


dulged in on this subject, and this hypothetical metal received the 


name of aluminium. 

As early as 1807, Davy and others tried ineffectually to decompose 
alumina by various means, including the use of the electric current. 
A chemist named Oerstedt thought he had produced the metal in 
1824, but a German chemist named Wohler was the first to actually 

its existence. He extracted the metal in 1827 by de- 

composing the chloride of aluminium by means of metallic potassium ; 
20 years later he also reduced it with metallic sodium. The first 
commercial product was exhibited in 1854 by H. St. Claire Deville, a 
French chemist, whose researches as to its chemical and physical pro- 
perties (fully reported in the French journals of the day), were so 
thoroughly exhaustive, that his writings are still standard authority 
on the subject. He used several methods, the most successful of 
which was reduction by sodium. Patronised by Napoleon the Third, 
who entertained great expectations concerning the use of this metal 
in war equipment, Deville established commercial works near Paris, 
which, after varying fortunes, were finally permanently located at 
Salindres, France, and these works for many years produced substan- 
tially all the pure aluminium consumed in. the world. It may 
interest you to know that up to 1886 the annual production of this 
metal was less than 10,000 lbs., of which 6,000 to 8,000 lbs. were pro- 
in France. In 1860 it sold at over $90 per lb. In 1887 it was 

sold at $5 per Ib., and is now selling at $1 for a commercially pure 
article—this term signifying about 97 per cent. purity in the metal. 
It is known that by processes now in operation, the metal can be pro- 
duced in large paie at a price which will put it on a par with 


copper, bulk for bulk. 
ntil the dynamo came into commercial use the production and 
development of aluminium was almost entirely along chemical lines. 


It is a metal that possesses remarkable affinity for oxygen and 
e, and, so far as I know, only potassium and sodium are 


= of extracting oxygen and chlorine from it on a commercial 
alc, Naturally, therefore, the history of its progress is interwoven 
with that of the commercial manufacture of sodium and potassium. 


As early as 1856, M “ > 
to have da er À ons. Alfred Monier, of Camden, N.J., claimed 


hibited several small specimens at the Franklin Institute. This is 


Say onbtedly the earliest record of the production of aluminium in 


coun’ 


Three years later, in 1859, the first aluminium works in En 
? gland 
poe started at Battersea, near London, but no details concerning 


= obtainable. In 1860 other works were successfully estab-. 
me Newcastle-on-Tyne, by Bell Bros., which were operated with 
an or less success until 1874. These gentlemen seem to have been : 


¢ investigators of the subject, and have published important in- 
posa à concerning the characteristics of this metal. Other 
attempts to establish aluminium works were made in Ger- 


many and other countries, but it may be truthfully said that. France, 


ment of ae Been industry, remained its home until the develop- 


ical processes which have now superseded all others. 


» New York, April 21st, 1891. 


nded a great 


fully made sodium by a continuous process, as a pre- 
step in the manufacture of aluminium, and, later, he ex- 


A read at the 56 ing 
th meeting of the American Institute of 
Wlectrial Engineer | 


The most important effort on. this line was that of Mr. James 
Webster, who, in 1882, re-established the aluminium industry in 
England, forming the Aluminium Crown Metal Company at Holly- 
wood, near Birmingham. The principal features of his patent, which 
this company operated, were the large cheapening of the manufacture 
of alumina ALO,) He claimed to obtain a product containing about 
84 per cent, of alumina—a substantial gain upon other a ark ia 
cessés—and also to save half the cost of man ure by utilising by- 
products. In fact this company was for several years a successful 
competitor in the English markets to the French works at Salindres, 
though its output was very limited. SE D | 

About 1886 a young Philadelphian—Mr, H. Y. Castner—invented 
and secured a number of patents to cover an improved and econo- 
mical method of making sodium, which he claimed reduced its cost: 
to 25 cents per pound. This invention he took abroad, and in 1887’ 
the Aluminium Crown Metal Company was re-organised under the. 


name of the Aluminium Company, Limited, and extensive works for 


the manufacture of sodium, primarily, and of aluminium, secondarily, : 
were erected at Oldbury, near Birmingham. They’ were completed: 
in July, 1888, and were alleged to have a very large capacity for pro-’ 
ducing aluminium. The reduction of aluminium at these works was: 
conducted strictly on the lines of Deville’s process—Castner’s im- 
rovements being solely in the cheapening of sodiam—and came to be 
own as the Deville-Castner process. Considerable quantities of 
metal were produced at’ these works, and most of it was of excep-: 
tional purity. As long as aluminium ruled above $3 a pound, they 
were commercially successful; but inasmuch as it takes nearly 8 Ibs.- 
of sodium to make one of aluminium and the various other steps in' 
the reduction are rather expensive, this process has not'been able to: 
compete commercially with the less costly electrical processes, and- 
the Oldbury works are now devoted exclusively tothe manufacture of. 
metallic sodium, which finds profitable markets in Germany and: 
elsewhere, being largely used in the chemical manufacture of ‘anti- 
pyrene. | pari 
"Darin the development of the various sodium processes to which 
I have above to, the possibility of utilising electricity was: 
not neglected. Among the earliest patentees in this field ‘were: 
Camille A. Faure, in 1 , and R. Gratzel in 1883. Other inventors: 
before those dates realised the value of electricity in smelting and 
other electro-chemical processes, but they were the first to give es 
tical direction to theoretical speculation. Nothing has recently 
heard of Faure’s process, but that patented by Gratzel in Germany, 
in 1883, was practically utilised by a firm at Hemelingen, near 
Bremen, called the Aluminium and Magnesium Fabrik. The Gratzel 
process consisted, substantially, in electrolysing a bath of fused. 
chloride or fluoride of aluminium by means of anodes com of a 
mixture of carbon and alumina, the current being furnished by a 
dynamo, but for some reason it was abandoned by the company in. 
1887 for another process, the nature of which has been kept a pro- 
found secret. As | ef Deg. | 
Between 1883 and 1886 a number of inventors secured ts for. 
electrical processes, but I need only mention those which, in the 
struggle for the survival of the fittest, have come into cOmmercial 
On April 2nd, 1889, Mr. Charles M: Hall, of Oberlin, Ohio, 


secured patents for a process of reducing pure aluminium. In 


this process alumina is dissolved in a fluid bath composed of. 
aluminium fluoride and ium fluoride, with, perhaps, an 
addition of lithium fluoride; this bath then being electrolyse 
by means of an electric current conveyed to a carbon- 
furnace through an anode of some non-carbonaceous material. . 
In electrolysing this bath, the containing vessel is made to serve the 
of the negative electrode. In another patent Mr. Hall claims 
use of a bath so es of alumina dissolved in compound fluorides 
of aluminium with ine earthy metals, and in Rens red ange 
the use of a bath composed of alumina dissolved in the fluorides of 
aluminium, calcium, and sodium ; these materials being obtainéd by 
melting together aluminium fluoride, fluorspar, and kyrolite. Wi 
this latter bath a carbon anode can be used without the bath being 
affected by its disintegration. | 
The Hall group of nts is now controlled by the Pittsburg 
Reduction Company, of Pittsburgh, Pa., which bas had its metal on 
the market since March, 1889. The plant bas a daily capacity for 
ucing about 300 pounds of metal, the selling price of which was 
$9.00 per pound, until the early part of March last, when it was re- 
duced to $1.00 per pound for commercially pure aluminium, of a 
guaranteed purity of 97 per cent. The reduction in price, consideted 
in conjunction with the limited amount of pure metal produced, would - 
appear to confirm the generally received impression that while the pure 
metal is specially adapted to the manufacture of articles of art and 
ornament, it is not displacing tin, platinum, silver, &c., to anything . 
like the extent its admirers have supposed it would. . The: fact is, 
aluminium as a pure metal is not-destined ‘largely to. supplant) other. 
metals in the arts and manufactures; it isto its alloys that we must 
look to redeem the inflated reputation of the pure metal. The true 
value and use of aluminium seems to have been forecast by Deville, 
who predicted for it an intermediate position between the ous 
and baser metals, in which relation to manufactures he said it was 
destined to fill a long-felt and important want. He doubtless referred . 
to the pure metal, but, curiously enough, his prediction applies with. 
force to its alloys, which have been demonstrated by actnal. 
use and thorough tests to and. 
that place them above all other alloys of copper, iron, and in some, 
instances even of steel.  : 
The electric smelting process of the Messrs. Cowles, of Cleveland,, 
Ohio, was the first to secure a commercial footing in this country., 
These gentlemen have taken out a series of — covering th 
process, and they have exhibited very commendable energy and per~ 
severance in establishing a market for their products. Both the 
process itself and apparatus used have been so frequently and minutely. 
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THE TELEGRAPHIC JOURNAL AND 


‘ELECTRICAL REVIEW. [May 29, 18900 
| 
_ described that the are doubtless familiar to all of u and a reca itu- In the electrical apparatus the most important fads Wades 
lation of its details in this would be su uous. As de is the d o which generates the current. This machi Sea 
igned Mr. C. E. L. Brown, of the Oerlikon W | 


in numerous papers and publications emanating from, or inspired by, 
the inventors, the process may be described as the reduction of me 

by smelting their ores with heat produced by the — of an electric 
current through broken resistance material—that is, in the presence 
of an incandescent material (carbon being ‘generally preferred). 
Stress is laid on the alleged fact that the reduction is eg and 
solely a smelting operation, due to a heat far greater t can be 
obtained by any agency other than the electric current. The electrical 
(chemical) effect of the current is distinctly disclaimed in their 
patents and publications. Perhaps I may not unprofitably consume 
a moiety of your time Le Age qe mur d that the furnaces used at the 


company’s extensive works at ,are rectangular and oblong 
in shape, and are composed exteriorly of walls 
of fire-brick or metal, lined with pulverised c or other form of. 


carbon or similar material, of electrical conductivity inferior to the 
ore to be smelted ; this material being generally previously saturated 
with lime water to increase its resistance to heat. At each end of 
these 


portions) of an electrically g 

ight carbon—and the ore to be reduced ;. though (in cases where the 
ore itself has sufficient electric resistance) the carbon is sometimes 
dispensed with. The charge fills the furnace and presses against the 
sides and ends of the electrodes which project into the furnace. When 
a current of electricity is passed, the electrodes are so adjusted as to form 
an arc, and the current then flowsfrom the sides and ends of the elec- 
trodes through the broken resistance material, which; of course, 
becomes incandescent, and the intense heat developed by this incan- 


The gases li in the — À 0 out 
gs in the fire brick cover of the furnace. m the 
character of the apparatus and manufacture or on described, 


it will be obvious to you that the reduction of the metal is (asclaimed: 


y) png rome 4 means of heat generated by 
| current through a mass of high resistance 
material, and that if the chemical effect of the current assists the 


metals from their refractory ores in the pe of another alloying 
metal, and is contradistinguished from the Cowles 


| np à is the invention of a young French electrical engi named 
ul L. T. Heroult, whose affiliations with the firm of Messrs. Henry 
Merle & Co., owning and operating the Deville Aluminium Works at 
Salindres, and his subsequent studies at the Polytechnic Schools at 
Paris and Switzerland, first directed his attention to the electrical 
reduction of aluminium. In 1886-7 he secured French, English and 
other E patents, covering several for the extraction 
of aluminium, silicon, boron, &c., from their ores, both as pure metals 
United States patent, No, 887,876, for the process of preparing 
» No. 876, for the of prepari 

aluminium bronzes and their alloys, and it is understood ne x à 
ing in the Patent Office a series of applications covering other | us 
and features of his inventions. Though the Heroult processes have 
been very little discussed or even described in print, and are there- 
fore almost wholly unknown to the public, their commercial success 
abroad has been far greater than has attended any other aluminium 

, and while those owning the American patents seem as yet to 


onal facilities for studying the workings of this plant during the 
past four months, I might be oned—especially as so little is 
blicly known of it—for describing it at length, but as I particularly 
Testes in this paper to direct your attention to the electrical appa- 
ratus used at Boonton, by way of illustrating the great power and 
value of the electric current in metallurgical tions, it will suffice 
here to say that the patents of this young engineer, having first been 
acquired by Swiss capitalists, were afterwards bought by the cele- 
brated syndicate which, under the name of the Allegemeine Electri- 
citats Gesellschaft of Berlin, substantially controls the entire elec- 
trical field in Germany. This syndicate, after carefully examining all 
other processes then known, invested 10 millions of francs in the 
Heroult process, and are operating very extensive works, which 
obtain their power from the falls of the Rhine at Schaffhausen. 
There they produce not only pure aluminium and all its alloys, but 
also alloys of silicon and other metals. Those works are supplied 
partly with dynamos of the type I wish ially to describe eee. 
and partly with dynamos of 600 electrical horse-power, a complete 
description of which I regret I am not able to place before you at this 
time, as they would interest you. These machines, weighing over 50 
tons each, revolve horizontally; they have 24 pole-pieces with 
collectors over 12 feet in diameter, were especially desi for 
work. 
_ To give you a comprehensive idea of the method employed by Mr. 
Hero in manufacturing aluminium and its allo : ap à as 
electrical —— is concerned, there is little Armes between 
his and the les process—it will be best to describe the electrical 
plant and crucible separately. 


sign 
for electro-metallurgical work, and is the only 


din America. It weighs, complete, over 19 tons, and when driven 
at 220 revolutions generates a current of 35 volts and 3,500 amperes, 
It is a 6-pole machine; having an armature of G ring 
and the current is taken off commutators at either end by 72 
The armature is 39 inches in diameter, and the shaft (including ‘ity 
clutch) is 11 feet 7 inches long. The commutators are each 49 inches 
in diameter and 20 inches long; each commutator containing 60 sap: 
ments weighing 13 Ibs. apiece, or a total of 780 lbs. forthe 
for one commutator alone. The core of the armature conti di 
very large number of sheet iron discs clamped together in à frathe of 
aluminium-bronze. About 8 of an inch from the outside edge of the 
core, 120 holes pass from one end to the other, through each of which 
passes a copper wire 4 inch in diameter. These wires, which @ 
course are thoroughly insulated from the core, form # 


winding. The remainder of the winding is composed de | 


3 of an inch thick, 31 inches long and 2} inches wide, se 
equi much larger dynamos of 600 electrical horse-power: if 
has Conk found that they do not give nearly as economic att 
the other dynamos of the kind I have attem 
latter is also in universal use at Mr. Heroult’s own wakes 
Froges, ce. At the time a friend visited the Schaffhausen wary 
last summer, one of these 150 horse-power machines had been n 
without a moment’s intermission five months, and anothér 
four months. Though rated at 150 horse-power by the Swiss makes 
the same machine in this country would be rated at over 900 hows 
power, and would be driven at much greater velocity. In 44] 
work they are frequently run up to 300 revolutions, and thougi 
sometimes 4 ra practical operations that heavy short ciretits 
occur, there is y any perceptible sparking at the brushes etes 
when the current rises to 8,000 or more ampéres. The indicator 
attached to two of these machines (coupled in series) at the Rhine 
Falls has frequently recorded 25,000 ampéres without any évidenes 
of the short-circuiting ap ng at the brushes. 

At the Rhine Falls, at s, and at Boonton, these machines ie 
coupled directly to turbine wheels arranged upon horizontal shafts, 
The frame to which the field magnets are attached is a solid casting, 
weighing alone over 9 tons. The field are excited by # 
cnaller dynamo driven by belting from a ‘pulley on the main tt 
This smaller machine was also desi by Mr. C. E. L Brown, the 
armature being similar to that of the large machine, ee that it 
has but one commutator. This exciting machine is run at 60 voll 
and 120 ampéres, and its performance is worthy of all praise. 


At Boonton the leading wires are eight in number, four positive aad . 


four negative; each wire being square, and having a cross section of 
one inch. They are, in fact, rolled copper bars, uninsulated, because 
the low potential of the current requires no special insulation. 
ammeter is placed in the main circuit by a simple arrangement for 
the guidance of the workman who specially looks after the crucible. 
The distance from the dynamo to the furnace (which is situated i 
another room) is only 14 feet. The four positive wires pass directly 
to the clutch which holds the anode, and the four negative wires pas 


lining of ground very fine, 
tar, and thoroughly compacted on the bottom and around the aides 
of the containing iron box. After the furnace is thus re-lined, the 
carbon is baked, in order to drive a 
The position of this crucible is directly the reverse of those ered 
the Cowles Company, and that the carbon crucible itself 
forms part of the electric circuit. Unlike’ the Cowles 
Heroult’s is a continuous 
from the bottom of the crucible, while the machine 18. merely 
stopped or slowed down for a few minutes. The interior dime 
sions of the crucible varies with the ore to be reduced, and the 
size and character of the anode used. Ordinarily it bas an ir 
terior depth of about 22 inches, and a clear space of 6 inches 
between the walls and exterior surface of the anode. The ee 
tric current into the crucible through the 
carbon anode, the vertical position of which is con by a2 
attendant who lowers it from time to time to an 

the anode and ee 

7° 


mately constant distance between the bottom 
surface of the molten bath in the crucible. The anode 
several inches into this molten bath and in — the inter 
8 between its bottom and the surface of the molten metal, is 


In order to ge 


the dynamo, the cables are firmly clamped to a large block of sin, 
which projects from the rear of the furnace and is kept cool by Wa 
circulating in pipes around which the zinc is cast. , 
speaking, the crucible has no top, as a rule plates of carbon im à 
in dry » “huh rprend over the top of the crucible are 80 Je 
to fit close to the anode in order to retain most of the 
mouth of the crucible is formed of slabs of carbon er + fae 
shape. ‘The hearth or floor is pierced by a tap hole, # Le a 
closed by a plug of carbon or fire-clay, and is opened SOS. fm 
time to ow the molten metal to run into a carbon-lined 
which it is cast into ingots. : : 
There are a few distinctive but not important differences betwee? 
Heroult’s method of making alloys and reducing pure metals rn 
In making alloys, the base alloying metal is first nee to 
ble by the current, or ‘molten meltal is poured into ae 
form a liquid metallic cathode. This is usually sim tor 
cally accomplished by throwing pieces of the 


to describe. This. 


| 
walls and linings, are brought very nearly into contact within the body | 
of the furnace, and, being connected to suitable wires or cables | 
te to the dynamo, constitute the positive and negative elec- a 7 
es. The | consists, ordinaril | of a mixture (in different Fe 
escence reduces the ore; the me owlng e m of the 
crucible and | or out when the 
reduction at all, such utilisation is entirely accidental and unsought. 
Neither aluminium nor any other metal is produced on a commercial 
scale by this process as pure metal. 
The ere rival to the Cowles process for producing aluminium 
is the Heroult process, which aluminium and other 
t it opera usively—or at leas y—by 
utilising the chemical or electrolysing action of the current. This 
from the ammeter back to the dynamo. 
The crucible is composed of a strong iron box, which has a | 
| | 
ve done e in the way of exploiting them, the success of a small 
plant put into operation at Boonton, N.J., for private demonstration 
purposes, in April, 1890, has been such as to give it rank among the 
rominent aluminium processes in this country. Having had excep- 
| 
| at about an inch by the attendant who by watching the of 
ammeter is enabled to maintain the electrode in its proper bron ph 
| position without difficulty. [Mt as perfect a coated à | 
| naggihle ne mors anf na padding 
| 
| 
| 
| 
| 
| 
| 


that plays an important 


' Used metal containing more than 1 per cent of im xe À 
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the furnace, seating the anode upon them and passing 
the current. At first the current is very y, arcs constantly 
forming between the copper and the anode, but when the copper is en- 
tirely melted (and it takes buta very few minutes to melt 200 or 300 Ibs.) 
tiely do be reduced is added in sufficient quantities to form a bath, 
and floats on top of the molten copper. The anode having been 
mised 0 as to leave a space of about an inch between its bottom and 


established. ereafter the ore is introduced in small quantities at 
frequent and regular 


alumini silicon contained in the alloy have been secured. This 
roi -entirely at will up to about 70 per cent. 


B person] No external heat is used, and the process is abso- 


metal. 

jutely uous at the will of the operatives, which are 

of the Heroult system. The of the electric current 
through the bath serves not only to keep the copper in a fluid state 
and to melt the ore, but also electrolyses and decomposes the latter. 
ft isa point of careful regulation in the Heroult processes to niain- 
tain * Pe saficient heat to keep the bath fluid, since any further ex- 
wenditure is not only useless but lessens the pe ng The oxygen 
pendifthe reduced metal combining with the carbon of which the 
anode is composed is burnt with the production of carbonic oxide 
gas, which escapes from the crucible around the sides of the anode 


‘and at the feed hole. The product is withdrawn at intervals by tap- 


pped a sample is carefully p for accurate 
analysis, to determine the percentage of contained aluminium. 

From a metallurgical point of view, the amount of labour required 
to te this process is astonishingly small. The metal produced 
in the Heroult furnace is sold generally in ingot form, just as it 
is tapped, without remelting for or being subjected to any purifying 
manipulation. It is always, however, very pure, sometimes dropping 
as low as ninety-eight and one-half, but generally running over 
ninety-nine per cent. of absolute purity. This is largely due to the 

care exercised in selecting raw materials. In making bronzes 
best Lake Superior be | is used, while-the oxide from which 
the aluminium is reduced is an artificial product manufactured 
in Prussia. The number of materials from which aluminium 
may be reduced by these processes is very large, but the 
strong influence exerted upon this metal by impurities reduces those 
otes commercially available in this country to corundum and beauxite, 
both of which are largely used in making low grade metal for treatin 
iron and steel. Kryolith—natural or artificial—is another min 
in the commercial production of pure 
aluminium, since it ts best flux for alumina, the ore from which 
the metal is generally reduced. There is to a certain extent a 


the bottom of the crucible as in ordinary ame à Each time 
is ta reserved 


diversity of opinion in regard to the value and properties of alumi- . 


nium, which is partly the natural sequence to the illusions and ex- 
aggerated opinion concerning its commercial and practical value 
resulting from the romantic descriptions, speculations, and suggestions, 
with which our scientific and trade literature have been fili-d ever since 
Deville’s researches were published, and partly the result of im- 


ities in the metal as ordinarily produced. For 35 years after 


first produced it, aluminium, though much talked of, was but 
little seen outside of laboratories and lecture rooms, except as we find 
it on the French and English markets, manufactured into ornamental 
shapes. It is only since 1886 that it has been manufactured in suff- 
cient quantities and at sufficiently low prices to permit practical 


people. From this dep y 
pure metal. In fact, this ve d condition was foreseen by Deville, who 


Pure aluminium has a beautiful white colour, slightly tinged 
blue. It is somewhat fibrous in structure, and bends considerably 


Platin 

Gold 
Tepper | 3°6 
Aluminium 10 


The pure metal takes a beautiful polish, uniting with n slow] 
and with great difficulty, even at a red heat; and eng ms sd 
“bosure, it finally acquires a very thin coating of oxide, it is not 
non amnished. This coating of oxide protects it from further 
atmosp or. other baneful influences. It is well known that pure 
Proper um can be drawn out into the finest wire or into tubes; rolled 


recent Ble tamped into medals (similar to those distributed at the 


eric Light Convention), beaten into the finest foil, &. It 

about 26 ancy Similar to that of silver, and a tensile strength of 
copper, homer Por square inch. The addition of 6 per cent. of 
*"°Wever, increases the tensile strength to that of wrought- 


of 


iron, and a slight percentage of silicon raises its strength to. 90,000, 

though at the expense, other qualities. 
The compounds of aluminium formed by the addition of a gr 
brass or iron, are unquestionably the most commercially ar agi of 
the aluminium ger Aluminium combines with copper in all pro- 
Oys are as easil pe gl ore urities as is the 

pure metal. Itis an important worth n ng that when all 
are made by mechanically mixing aluminium and copper, iron, &c. 


RS RS the alloy. The finest alloys by far are those 
made by uniting the aluminium to the basic metal in atomi | 


ceptible of taking and retaining à most beautiful polish. It can be 


amply large. The tensile strength of this bronze is enormous, and the 
following table from “ Trautwine Engineer’s Pocket Book ” shows it 


Tensile . 
Annealed brass wire ... sss  ,. 49,000 
Annealed copper wire … 92,000 
Gun bronze of copper and tin (cast)... ..… .... 39,000 
Cast iron gun metal, U.S. Ordnance ... 
Average American cast iron ... 16,000 
Good wrought iron _... 
Best American wrought iron, exceptional ... ,. 76,000 
Iron wires, rope... 48,000 | 
Malleable iron castings * +, 48,000 
Cast steel, average Bessemer ingots ... oss, ‘ane ED :, 


Aluminium bronze, in castings, over... 
Aluminium bronze “ special” in castings up to... 190,000. 


: 


DYNAMOS. | 
THE following discussion took place on Mr. Blackburn’s paper, which 
we pese in the Review for January 30th and February 6th ;— 
. G. H. Frarx asked the reason of the variation in the 

of the dynamo, and why the lights should be better on one day than 
another? In some cascs, he said, the commutator required turning up 
often, owing to the wearing of the brushes; under such circumstances 
was it desirable to have new brushes ? PEU 

Mr. Joux Barriam mentioned that a dynamo which was under his 
charge did not work at a high speed, and yet as far as heating was 
concerned, they never experienced any trouble with it, This seemed 
to be at variance with the assertion of Mr. Blackburn, “ that dynamos 
were not effective unless worked at high speeds.” . | 

Mr. R. 8. HoLLAND said he had had considerable experience in the 
worki.g of dynamos, one of which had been in use for the five 


an effect on the dynamo. The great point, he thought, was to keep 
the dynamo cool, and it a to him 
fan, with the view of a current of air roun 
would be advantageous. 
Mr. T. Srevens remarked that they had a dynamo which had been 
running 25 am , and that the commutator had been turned up 
several times during the last three or four months. He should like 
very high, to put on two machines’ or more, in place of reducing 
number of circuits at such a small load ? ional | a 
Mr. Gices said that like those who had been calléd 
per. There was, however, one Lye in the paper to w he 
the members, viz.,.that. in one 


whether electricity could be regarded as lying Rae. 
He preferred to regard electrict as a form of energy. If so, itmust 
mant in the system, an whence did it ori ‘om 
by belt to the dynamo? Of course even if 
admitted to be a form of , we are still confronted with the 
particular form of energy ? and 
no one has yet been able to answer. | 
_ Mr. ANDERTON observed that there was one point in connection 


evenly 
of hich | 
“Mr. E. MARSHALL asked which was the best form of brush, the one 


LIÉE CUIIOLU ULILCO the TC duct must Dé Teme a numper Cc D secure an nis | 
q 
4 whose alloys is remarkable. Probably the most useful compound of 
4 aluminium and copper is what is known as 10 per cent. bronze, con- 
Li taining 10 per cént. aluminium and 90 per cent. of copper. This | 
4 allo À du almost imitation of gold in colour, and is sus- | 
à rolled, or drawn, or cast very y; asting, the bronze | 
By | shrinks considerably, and care must be taken to have the feeders | 
in COM n | 
| 
| 
| 
| 
| 
| 
| 
| 
metal workers to test its properties on an adequate scale. The very 
unusual qualities which give it merit, and the great depreciation it 
undergoes when only slightly contaminated with foreign impurities, 
such as iron and silicon, together with the further fact that it has 
only been recently commercially produced of 99 per cent. purity, ponte without having the commutator turne Ps or any new brushes, 
have had a _ to _ this metal in the / of a e quite concurred with Mr. Firth that the state of the weather had 
would be at the where they 
are I ng. e metal contains more than 1 per cent. of im- 
purity it becomes brittle, and has a crystalline structure. When pure, 
It is soft enough to be easily cut with a knife, while the addition of a 
few per cent. of impurities makes it exceedingly hard. It melts at 
a slightly lower temperature than silver, and has a mg gravity of 
te Taking aluminium at 1-0, the following table (from Deville) will 
of interest, as showing the comparative weights of the different 
metals. place Mr. Blackburn said : “ The electricity may be as lyi 
i ormant in the system, until set in motion by the pressure ! 
with dynamos in which he was interested, namely, motion 
which was a yp ney given to the spindle. In the newer forms of 
cyanea that seemed to be discontinued, and he should like Mr, 
| Blackburn to explain the reason for it, because to his mind it was a 
| 
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composed of wires or that of copper plates ; his experience being that 
the latter were the most effective. 


of driving a dynamo, namely, by coupling the engine direct’to the 
armature shaft or by oe or belts. | 

Mr. E. Lowæ asked if the circuit, in order to avoid magnetic pull, 
instead of being constructed with — circuit. -.sght be wale in 
form so that the pull described by Mr. Blackburn will not tend to 
lift or lower the armature. Lu: 

Mr. W. P. James Fawous (in a written communication) said: I 
have read with great interest Mr. Blackburn’s most able paper, and 
should like to ask him if he could give a. little further information 
on one or two points. It has often been brought to my notice that 
when a machine has been sparking persistently, the substitution of 
another kind of brush has either entirely cured the evil or con- 
siderably oy) pin it, this has been more noticeably the case in the 
substitution uze or thin plate brushes for those made of wire. 
Has the flexibility of the two former anything to do with it? It 
seems to-me that with a very stiff brush any vibration of the 
machine may cause the brush to jar off the commutator and so cause 
sparking unless an excessive pressure is used to keep contact, in 
which case there is a danger of the commutator being unduly ground 
away. Also, what quality of copper, soft or hard, is the most 
suitable for the pu 
the Manchester type of dynamo is more liable to sparking than the 
Edison-Hopkinson. What is the reason of this? The Edison- 
Hopkinson type of machine is generally admitted to be the most 
efficient at present in existence—I understand a commercial efficiency 
of 95 per cent. has been reachéd. Would Mr. Blackburn say how 
this mee is to be accounted for. Although Mr. Blackburn 
only alluded to continuous current dynamos in his paper, I think it 
would be interesting to know why alternating current machines are 
not in more general use in large buildings, such as mills. Their 

ter simplicity in having no commutator would scem to render 
them particularly suitable in cases where no accumulators had to be 
charged. Also it would seem that the first cost and cost of main- 
tenance of such machines should be less. ape 

Mr. BLACKBURS, in replying to the remarks made by Mr. Fawcus 
and several other speakers re ing brushes, said there is good 
reason for peppones that contact is improved and sparking diminished 
by a flexible brush which follows any irregularity of surface in the 
commutator, and is-less easily lifted by vibration. The coppershould 
be moderately hard to prevent permanent set under the stress of the 
brush-holder spring. wear of the commutator is distinctly due to 
brushes being too hard and creating too much friction between the 
surfaces, more flexible ones should be tried, that is those made of 
thinner wires or plates, but it is still more important to see that the 
are set diametrically opposite to one another and with proper can 
and that the right amount of pressure is given, and that the attendant 
is careful and keeps the holders clean so that they work freely and do 
not stick. In reply to the question from Mr. Fawcus as to the reason 
for the og ewe d of the Edison-Hopkinson dynamo in respect to 
sparking, he had pointed out that a drum armature having least self- 
induction is freer from this tendency than a ring armature, and, 
moreover, in the Edison-Hopkinson machine the mass of iron is 
greater, which contributes to the same end by reducing the number of 
convolutions in the armature. As s the merits of alternating 
current dynamos, their efficiency is decidedly lower than that of con- 
tinuous current dynamos,and the necessity for an exciter makes them 
more complex and expensive for small and medium sizes; and con- 
sidering the small amount of care which a good continuous current 
dynamo requires, there does not seem to be any inducement to use 
them. In the early days of electric lighting they were a good deal 
used, because there was no good continuous current machine in the 
market, but as soon as these were perfected they rapidly superseded 
the alternating machines. Reference has been made by Mr. G. H. 
Firth and Mr. Holland to atmospheric changes affecting the working. 
Moisture is the greatest enemy we have to contend with in electric 
lighting, but in any substantially erected installation, where the insu- 
lation is good, the state of the atmosphere cannot make any material 
difference, though if there is much moisture either about the fittings 
or machine there will be leakage until it is dissipated; this, unless 
the insulation is very defective, will soon occur after commencing to 
work. In reply to Mr. Bartlam, it is necessary to distinguish between 
efficiency in the sense of economy of power and that of satisfactory 
mechanical performance, the latter alone limits the speed. If the 
machine to which he refers, although working at a low speed, is well 
proportioned and massive for its output, it may return a large per- 
centage of the power applied, although if it been wound with 
fewer convolutions on the armature and run at a higher speed, a still 
better return would have been obtained. As regards the application 
of a fan, as advocated by Mr. Holland, the fan may cool the armature 
so as to enable it to carry more current up to the point at which 
‘armature reaction causes sparking to commence. The heating will be 
due either to eddy currents or to the scction of copper being too 
small. In either case, notwithstanding the use of the fan, a loss will 
still be going on, so that it is better to construct the machine with 
laminated armature conductors and section of copper large enough to 
render the use of the fan unnecessary, but where the evil exists the 
use of a fan will certainly mitigate it. If he rightly understood Mr. 


Mr. Tuomas Serrze desired to know which was the best method - 


Stevens’s question, he finds his commutator wears even when the 


machine is lightly loaded. He would do well to have it thoroughly 
examined, as either it is radically bad, out of repair, or the brushes 
are applied. Lateral movement of the armature referred 
to by Mr. Anderton, certainly tends to prevent grooving of the com- 
mutator, but without the complexity of special gear it is difficult to 
control, and may cause percussion between the collar and bearing. In 
a good machine with suitable brushes the grooving is so slight, and 
can be so easily checked by occasionally shifting the brush-holders 
along the spindle; that lateral movement is unnecessary. Mr. E. 


| 


There seems to be a gencral opinion that - 


_ United States.) Dated April 28th. 


*'Dated January 29th. 


Lowe asked if the use of four poles would not neutralise 
pull on the armature due to unsymmetrical field. This, or a dont 
circuit, as in the Manchester machine, can be applied to affect it, but 
there is no special difficulty or disadvantage in plschie the armature 
eccentric to the bore, a sixteenth or eighth of an inch is general 
sufficient, and by suitable adjustment it can be made useful to sn 

the weight of the armature, and so relieve the bearings. In repl LE 
Mr. Giles, although the hypothesis of one or more electric fuite i 
the conductor is no longer tenable, modern conceptions do not penrait 
of sure | being described as energy, any more than matter can b 
so described. Energy is defined to be capacity for doing: work: 
matter endowed with either kinetic or potential energy can do work 


but to have attained this condition it must already have had work 


done on it. Electricity can do no work until separation taken 
pec by work being done on it; it cannot thenefons Phage 

very advance in our knowledge points more and more to the à 
electric and not the conductor as the medium by which the energy is 
conveyed, and electricity may prove to be only another name for the 
clectro-magnetic ether. The impressed energy producing separation 
in an open circuit will be in the potential condition, becoming kinetie 


as soon as the circuit is closed or the impressing force relaxed, To 


suppose that electricity is transferred along a conductor like water 
through a pipe would, of course, be incorrect, but figuratively the 
comparison enables the direction of the flow to be traced, and leads 
up hd the explanation of the relation between pressure current and’ 
resistance, 


NEW PATENTS—1891. 


7,204. “Improvements in electric alarms.”  W. Kinosrant. 
Dated April 27th. | 
7,261. “ Improvements in and relating to the electro-deposition of 
metals upon fabrics, plants, animals, and the like.” E. Duyorvs. 
Dated April 27th. 
eleo- 


7,308. “ Improvements in musical instruments actuated 
tricity.” P. E. SGEr. Dated April 28th. | ie 

7,315. “ Improvements in method of and apparatus for par | 
supplying hot water for consumption and De Ca MW. 
Dewæy. Dated April 28th. (Complete.) | 


7339. “Improvements in and relating to 


chines.” W. P. THompson. (Communica 


7,427. “Improvements in electric time locks.” W. W. Horry, 
Communicated by M. I. Flowers, J. E. Jones and C. W. Price, 
nited States.) ted April 29th. | 

7433. “A1 detector or insulation tester, to be em in 


the testing of electric lighting conductors and other leads.” Sir D. 


_L. SALOMONS, Bart. Dated April 29th. 


7,603. “ Yule’s electric signalling apparatus for passenger trains.” 
J. S. Yuze and C. W. Srzwarr. Dated May 2nd. 

7,614. “ Regulating the brilliancy of electric incandescent lights.” 
T. P. WALKER. Dated May 2nd. | É 


ABSTRACTS 
OF PUBLISHED SPECIFICATIONS, 1890. 


771. “Improvements in and connected with telephone systems." 


W. OESTERREICH and W. Genzst. Dated 15th January. 8d. By - 


means of the invention the — stations are cnabled to commu- 
nicate severally with each other without any intermediary person. 4 
claims. | | 
1,068. “Improvements in dynamo or electro-motor conductors." 
G: B. Lucknorr and E. H. Dated 21st January. 
6d. Claims:—1. The use of compound or electro-magnetic : com 
ductors consisting of copper wire covered by spiral windings of iron, 
nickel or cobalt wire, or ribbon, and fixed on the ore wire, by 
solder or an electro-deposited metal. 2. The use of conductorg com 
sisting of copper wire covered with iron, nickel or cobalt deposited 
by electrical means on the said copper wire. “ont 
1,306. “Improvements in galvanic dry elements.” 0. SMEE. 
A pt ED ve from abroad by W. L. F. Hellesen, of Copenhagen.) 
ted January 24th. 6d. Consists of two receptacles one within 


other, the interior receptacle being made of zinc and provided with ' 


ventilating hgles. The space between these two receptacles 18 Set 
with sawdust or RS eahdense. The carbon used 18 hollow, 
covered on the outside with a depolarising substance, its — 
being filled with a substance capable of absorbing a amoan” 
moisture. Outside the depolarising substance is a doughy oF — 
substance containing the electrolyte. Above this is a porous “a 
such as plaster of Paris, covered over with a very close a plaster 
such as pitch, so that the escaping gas must pass through 

of Paris layer, thence through the ventilating holes pla tea close 
this in the zinc receptacle, and finally pass out through air tubes © 
to the bottom of the outer receptacle. 1 claim.. th 


1,555. “An improved magnetic separator.” 
8d. 


a 
Claims :—1. In a magnetic mp © 
revolving chamber or drum carrying with it electro-mag nets 0ù 

internal surface, for thé purpose of separating mat? 


[May 22, 1993, 
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magnetio susce tibilities, the material traversing the revolving drum 
during its AB 0D, substantially as described. 2. In such a magnetic 
se r the arrangement of electro-magnets and distributing contacts 
to enable the magnets to be demagnetised during a portion of the 
revolution to release or allow to be: brushed off, the attracted mag- 
netic material, for collection in a suitable tray or shoot, substantially 
as described. 3. The arrangement and general combination of 

of a magnetic separator substantially as described and illustrated. Ff}} 


9.080. “Improvements in devices for unloading, re | 
rélonding electric car storage batteries.” Dated 
10th July, 1889. (Under International Convention.) 11d: Relates 
to those systems lof electric traction in which the current is derived 
from storage batteries, or accumulators, located. upon the car itself, 
the purpose of the invention being to’ enable substitution of 
for exhausted batteries in the most expeditious, economical 
and effective manner possible. 17 claims. 132 


9091. “Improvements in secondary batteries and{plates or ele- 
ments therefor.” W. P. THompson. (A communication from abroad 
by The Gibson Electric} Company of Europe, Paris.) Dated Feb- 
ruary 8th. 8d. Claims:—1. A storage battery, having in combi- 
nation, a series [of superposed plates each furnished with active 
material, rods ipassing successively through said plates, washers 
on the rods interposed between the plates and bearing against the 
rigid bodies thereof, and means for drawing the plates and washers 
firmly together upon the rods, substantially as{described. 2. In a 
storage battery la series of superposed plates each furnished with 
active material and each having one or more recesses at its sides 
adapted to permit the electrodes ôf the plates below it to 


upwards, whereby the size of the containing vessel of the ba 


may be reduced to approximately the same size as the plates. 3. A 
battery plate consisting of a sheet of metal having perforations 
raised rim and recesses at the side, substantially as described an 

shown on the drawings, and for the purposes specified. high 


2153. “ Improvements in telephone switchboards.” D. Dewar. 
Dated February 10th. 8d. The inventor arranges the switch lever 
to oscillate in brackets and act upon hinged pieces of brass or other 
suitable metal carrying two hard rubber or ebonite discs with 
beveled edges, and provided with studs of rubber or metal at their 
backs. These hinged pieces on being separated by the lever assume 
an angular position with regard to each other and act on springs and 
connections and lock the key in position until released by the lever 
being moved in a contrary direction ; the said are mounted on 
4 detachable block of hard rubber which is attached by means of 
screws to the main block or piece carrying the spri and connec- 
tions. By simply removing the said screws and detaching the rubber 
handles of the levers, the a b with its ‘attachments can be 
lowered, the worn parts renewed and the whole replaced -without 
involving any great delay to the operator. 3 claims. 

2,172. “ A new or improved mechanical switch for completing and 
breaking the circuit of 
within the prescribed time.” H. Boarpman. Dated February 11th. 
8d. Consists of a switch fixed at the station the watchmen is required 
to visit, and adapted to be operated by clockwork arranged to be 
wound up by the watchman which closes the switch and completes 
the circuit, but as the clockwork runs down the switch is again 
opened, thus breaking the circuit and preventing any register being 
made from the recording station without it is visited whilst the cir- 


cuit was complete. One or more of these time switches may be fixed — 


jn one ginguit, each of which it will be necessary for the watchman to 
‘init betore to the recordin station to Lister the visit or 
visité and the round must be completed before the time switch or 
switches has or run down and broken the circuit. 1 claim. 

2491. “Improvements in ‘casings, beadings, and mouldings for 
‘containing, covering, and insulating electric wires for lighting or 
other purposes.” ‘W. GRITTEN and À. Parmigy. Dated February 
th. 8d. The inventors make ,grooved strips of sufficient length, 
and preferably rectangular in section of a composition consisting of 
Eu r, tement of any stitable kind; clay, or other substance of the 
ike kind, with which is incorporated what is well-known as silicate 
on or slag’ wool, fibres of asbestos or, the like- fibrous incombustible 

‘material, non-couducting electricity. 2 claims, . | 
: 2,503. “ Improvements in electric arc lighting,” L. SAUNDERSON. 
Dated February 15th. 8d. Relates. to a, method: of electric arc 
lighting in which hydro-carbôh Vapour was introduced into the arc 
Wrough one or both of the carbons made hollow for that purpose. In 
to rem the hydro-carbon from being absorbed by the porous 
carbon electrode and saturating the same, and so to escape in vapour 
before it reaches the arc, the inventor lines the interior passage in the 
ee With an enamel consisting of hard pitch or bitumen dis- 
: ved in a solvent. This enamel he applies with a brush, and allows 
to''harden. : In the same way, he coats the end of the electrode 
where the same is inserted into box, and the exterior surfaée of the 
carbon may.bé similarly coated if desired. Thus the hydro-carbon 
veld is kept from contact with the porous surface of the electrode. 
order to prevent the passage of the electric current through the 
22 Carbon of the electrode from decomposing the hydro-carbon 
ra perma a deposit of carbon tending to fill up and stop the hole 
(hic the electrode, he introduces into the hole above the witk 
uch he inserts into the lower part of the hole) filaments or pieces 


of asbestos, or other non-conductor of electricity, which prevent the ~ 


deposit. of carbon, and keep the hole open. 4 claims. 


nes “Improvements in electric meters.” 8. Z. DE FERRANTI. 
18th. 8d. Claims :—1. Suspending or partially sus- 

ng the armature spindles of electric meters by magnets. 2. An 
for recording the of alternating currents in 
pe. armature spindle is ur eg or ially suspended, by 
magnet or magnets energised by the alternating current. 


ing, and. 


ic tell-tales for watchmen and the like 


the car or Carriage. 7claims. ©... 


well insulated upon its ou 


3. An ic meter in which the armature ze spiniile is pended, 

suspended, by a magnet and in which the suspen — ; 
serves also to produce Foucault currents in a metallic disc carried by 
the que 4, The improvements in electric meters substantially as 


- 2,654. “Improvements in’ the manufacture of : electric cables.” 
c Com ) e 
in placing the ‘core of insulated conductors deprived of moisture 
within the pipe‘and then forcing insulating g, such for 
as melted paraffin into both ends of the pipe compressing 
gas and air between the said fillings—gas (carbonic-dioxide) under 
pressure is first forced into the ‘pipe, and then 
into the ends of the pipe. 
- 2,759. “Improvements in the ting of railway trains by elec- 
tricity.” I. À Tork. Dated 20th. Bd. The inventor 
uts a large battery in a ghard’s van or other suitable vehicle and 
fight the train or any convenient number of vehicles from it by means 
of main lighting lamps and suitable leads and couplers and switches. 
This enables him to use lamps of high yoltage and strong candle- 
power. 2 claims. — | | es | 


8,853. “ Improved combined brake and circuit making and break- 


nected with the motor to be controlled, and provi with . 
motor, which latter is ically connected with a dynamo or other 
generator by means of electrical conductors to terminals 
carried by fixed insulated contact and by means of 
conductors connected to carried. by the operating 
lever. 1 claim. 


battery. 
free ns possible from impurities, preferably in conjunetion, with a 
weak solution of nitrate of mercury. 15 claims. 


rod. pole.” J. P. Bayiy.:. ( 
communication from abroad by J. Burton, E. Roach, PS 


W. P. MacNair, and C. Lanning, all of America.) Dated 5th July. 
8d.° ‘This invention relates to certain, improvements in prod poles— . 
such as are used at ranches, stock and the,like, to excite cattle - 
it consists in providi ith conta respec- 
tive an ive an 4 manner 
tnt‘ whes the are at rest the electric circuit will be broken, and 
when in use in contact with an animal the circuit will, throngh the 
medium of the animal, be connected and give an 
the animal. 4 claims | 


11,288. “ Im vements in a for dynamos.” J. VINICOMBE. 
Dated July 1 6d. Claim:—The general arrangement and 
method or means of forming armatures for dynamos of the “tooth 


air to circulate ugh the laminated spaces and around the whole 
purpose as described, © 
set forth and illustrated. 
14,260. “Improvements in electric or magnetic carrier 
otherwise known as Port-electrics.” H.J. Happan, y communi 
m 


14,613. “Electric motor car.” Septem 
16th. 8d. Thè object of the invention is to construct a motor car 


’ 14,634. “Improved apparatus for electric light signalling | 
F. Dated September 16th. 6d. The ventor employs 
several lamps, preferably six in number, each being of such construc- 


tion as to show lights of three different colours, for instance, white, 
green and red, they being employed so that no lamp should show 


more than one colour at any one time. 2 claims 


15,084. “ Improvements in electric railway conduits with tubular 
conductors.” C.J. Van Dated May 22nd. (Under In- 
ternational Convention.) 8d. ‘The inventor forms each main sup 
conductor as a continuous metallic tubé, which may be of any 
sirable metal although the cheapest forms, such as wrought iron gas 
pipe, will answer for this prepoee, The tubular conductor is to be 

ingolating with «strong 
substance having insulating p ies, with a 6 
fabric. The tabular conductor 4 carried upon ‘insulating supports 
within the best known form of slotted sub-surface conduit, the con- 
ductor being then The cwrent is collected from 
the interior surface of tubular conductor by contact-making de- 


= 


__________________ 
| 
| 
| 
| 
| 
ing use = = = = | 
8d. Comprises an operating lever adapted to be electrically con- | 
& | 
| | 
| 8,933. “ Improvements in the method of and apparatus for de- | 
positing metals by deposition. G. H. Dated 10th | 
une. 8d. Has particular ce to the electto-deposition of the | 
metal known as aluminium. | | in | to the ” | 
ring form, and of as in 
: “ spider ” series of air. propellers or fans of opposite y 
| | outer end of the to create a vacuum. | 
8d. Consists, among other things, of improvements whereby the 
electro-magnet or magnets by means whereof the {travelling car or 
arriage has motion imparted to it are mounted upon and travel with 
naving es ac A pLec D TAKE à TAGLAI DOSLLIOIR OL ATveS., LO BUC 
| combine the electric motors with the radiating pre in a simple 
and practical manner, whereby cars with a long w base may run 
around very sharp curves with the greatest ease, with economy of 
| power, and without danger of leaving the track, and to secure an 
| elastic, easy and comparatively noiseless operation of the whole appa- 
ratus. 26 claims. ihe 
| 
| 
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vices in the form of metallic plungers carried insulating sockets 
detachably secured in the conductor and ily removable for re- 
placement.or examination. 6 claims. 

16,889. “ Improvements in electro-motors.”. Ranxm KEenNepy. 
Dated October 8d. The motor consists of two parts. Firstly, 
a motor of any of the bag sewed ye of continuous current motors 
commonly in use, mr 3 i field magnet and the commu- 
tator removed, leaving the ends of each armature coil or section dis- 
connected from each other, and so that they may readily be connected 
to sections of wire coils on the second part of the electro-motor. 


andsecondary win perfectly 

cuit laminated throughout. That part of the magnetic circuit - 
ing the primary winding is fixed, and of the form of a dynamo field 
magnet, and that part of the magnetic cireuit carrying the secondary 
winding is mounted on the same shaft with the armature of the motor 
part, and the secondary winding is in.as many sections as there are 
sections in the motor armature coils, the sections of the one being 
connected to corresponding sections of the other, as hereinafter 


Screws and Serew Making, with a Chapter on the Milling 
Machine. Colchester : Britannia Company. : - 
This treatise, though actually no doubt written for the 

e of advertising the wares of the Britannia Company, 
is à very complete work, dealing with screw-making in ’! 
its bruni, embracing most recent methods, and containing 
the reports which originated modern standard screw-threads. 

As stated in the preface, it is no doubt the t volume 

- devoted to screws and screw-making entirely, that has yet 

been brought out. In the ae chapter the general 

history of the development of the various systems of screws 
is given, and the necessity of ee ae being adopted is 
pes out by illustrations of the bad effect of screws which 

t incorrectly. The history of accurate screw-making dates 
back just a century, and, as is well known, is due to Sir 

J enr Whitworth, who first introduced to notice his system 

in 1841. In 1881 thé British Association determined a 


gauge for the various small screws used for telegraphic and © 
electrical rs in clockwork, &c., on the basis tabulated | 
by Prof. Thury. 


accepted te below it vill 
ad it is difficult to say, but doubtless it will 

lead to the extinction of. oes systems ; it is adopted by the 
British Postal Telegraph Department. Following the chapters 
on the various systems of screws, we have a chapter on 
chasing screws by hand, and then fully illustrated descriptions 
of screw-plates, dies and taps. The more important part of 
the book, viz., that dealing with cutting screws in the lathe 
is next met with, this part savouring very much of the 
advertising character, though at the same time it gives much 
valuable information. Tables of change wheels are then 
given, and, finally, a chapter on the milling machine completes 
what is undoubtedly a very useful treatise. 5 


Coal, and what .we get from it. By RAPHAEL MELDOLA, 
F.R.S. The “Romance of Science” series. London : 
Society for Promoting Christian Knowledge. 


It has been said that gas is now one of the least valuable 
products that can be obtained from coal, and that were this 
illuminant supplied free of charge by the gas companies they 
would still be able to pay fair dividends from the valuable 
bye-products resulting from the distillation. Anyone who 
has not considered the subject would be surprised to find 
what a mine of wealth is contained in coal tar, and what 
an entertaining lecture can be made in describing the 
same. The old woman also who found comfort in “that 
blessed. word, Mesopotamia,” would doubtless be soothed by 
the numerous many syllable words which express the organic 
compounds from the tar products. The author of the book 
has certainly done his work well. An addendum, which he 
gives at the conclusion, is interesting, and is as follows :— 

“ With reference to the consumption of coal in London, it 

ars from the Report of a Committee of the Corporation 
ondon, issued at the end of 1890, that the present rate 
of consumption in the Metropolis is 9,709,000 tons ~ per 
annum. is corresponds to 26,600 tons per diem. It has 
been proved by experiment, that when coal is burnt in an 


a 
0 


legislation to show us ‘the way out.’ 


-* ception, the letter of 


open grate, from one to three per cent. of the coal cont te 
the form of unburnt solid particles, or ‘soot,’ and ‘shia Fr 


cent. is lost in the form of volatile compounds of cathon, - 


t has been estimated that the total amount of coal 
wasted by imperfect combustion in this country is 45,000,000 
tons corresponding to about £12,000,000, taking the yal 
of coal at the pit’s mouth. Taking the ancre DS 
particles at the very lowest estimate of 1 per cent. it will be 
seen that, in London alone, we are sending forth carbone: 
ceous and tarry matter into the atmosphere at the rate of 
about 266 tons daily ; and volatile carbon compounds at'ths 
daily rate of 2,660 tons. At the price of coal in London 
this means that, in solid combustibles alone, we am 
absolutely — about. £10,000 annually, to say 
nothing of the e caused by the presence of this 

. . Such facts as these require no comment; they# 

or themselves in sombre gloom, and in the sickliness of our 
town vegetation—they give a new a to the term ‘in 
darkest London,’ and they plead eloquent y. for science and 


‘ 


Colour Measurement and Miature: y Capt. W. Ds W 


ABNEY, F.R.S. London: Society for Promoting Oh tian 


Knowledge. 


however, whether some of the writing is not too. 

for a book of the kind, or rather whether the 

given are sufficiently diffuse ; thus, to take a simple case, the 
writer speaks of a “ collimating ” lens, a word which will be 
meaningless to nine out of ten of the readers of the book; 
the latter, in fact, requires supplementing by a. modem 
elementary treatise on light, its value would then be greatly 
increased. | | Se 


series the S.P.C.K. have done well. It may be question 


CORRESPONDENCE. 


It Was a Dream, 
It may seem Dong AP not actually impossible—yet 
whilst trying to re . Fleming’s last paper before. 4 
Institute of Electrical Engineers, and I dreamed a wondrous 
dream | 


From an exhibition of pure science, I wandered off in 
imagination and the future to an Exhibition of : 
knowledge, held in some large glass building or other, |» 
vision began with a full dress rehearsal of the opening. cere- 


mony, and with a feeling of satisfaction, I turned from: the 
reception room and followed the crowd to a large area, 
where, at 5 p.m. exactly, the growing darkness of late 
autumn evening was to be instantaneously exchanged for. the 


brilliant outpourings of numberless arc and 


Mounting a ladder in lieu of rostrum, the 
ENGINEER (caps., please, Mr. Printer) briefly — 
the assembly as follows :— Ladies and gentlemen— the 
hi turn the ’andle, I shall switch hon the current, and 6h 
lamps will light.” | sity 
2 he me the “’andle,” but the current didn't switch 
“hon,” nor yet would the lamps light. The air turned 
but not with suppressed or lengthy arcs. I walked we? 
disgust, and whilst traversing a dark staircase, fell 


down, down, an interminable distance, until the bottom hit . 


me with a thud : and I woke on the floor of my. own Toom. 
After that I carefully read Dr. Fleming 8 paper once more, 
but was in no wise “pures for he gives a equation which 
could solve out z, the unknown quantity of 
by certain individuals who pose as electrical engineers, t 
electricians. 
Be 
[After such terrible experiences we can scarcely ae, 
our correspondent even his 
m again ;”’ still, ose who are n | 
CP. may produce the same results 
he himself experienced.—Ebs. REV ]. 


| — 
[May 22, 1891, 
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There are few men more capable than Captain Abney-of 
dealing with the subject treated of in this book, and in securing 4 |! 
him as the author of one of the “ Romance of Scienæ” 14 
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HOLMES 
NEWCASTLE-ON-TYNE, 
TT, COLEMAN STREET, LONDON, . 21 


SLOW SPEED. 
EFFICIENCY. 


| TELEGRAMS: LONDOR. 


“WHEATLEY KIRK, F PRICE & GOULTY, 


BLBOTRIOAL AUCTIONEERS, ‘VALUERS 


AND ARBITRATORG, 
52, QUEEN VICTORIA STREET, LONDON, E.C., 
| ana ‘Albert MANCHESTER. | 1H 


fan ery fine GAS fr SALE. 


Messrs. SNOWBALL & CO., 


Mechanical Valuers, &c., Crown Chambers, Newcastle-upon-Tyne, | 


have been instructed to SELL BY PRIVATE TREATY, 


THE ENTIRE STOCK OF ENGINES, &o. 


belonging to the estate of the “ Beck” Gas Engine Company, 
Limited, in Liquidation. 

The engines range from 1 to 16 H.P., and are well worth the 
attention of buyers. There is also a considerable stock of finished 
parts, from which several complete engines might be constructed. 


ait —The British § Colonial Patents are likewise for Sale. 


TEE HLECTRI & GENERAL INVESTMENT 


& 2, Guuat Lonpon, E.C. 


His Grace the DUKE OF MARLBOROUGH, Chairman. 


han FOR THE PURPOSE OF 
FACILITATING THE PROMOTION AND DEVELOPMENT 
OF UNDERTAKINGS for Electric Lighting, Traction, Trans- 
mission of Power, and other industrial üses of electricity. 
Communications may be addressed to— 


J. CECIL BULL, 


CONTRACT WIRING, 
ELECTRIC BELLS, TELEPHONES, &c. 


WALLACE SANDY & EASTER, 


CHOUMERT ROAD, PECKHAM, 8.E., 


Are prepared to carry out the wiring and fitting of installations, with or 
without materials. Complete gas or steam plant. 

All work absolutely guaranteed and tests given on completion. Best 
labour only. Enquiries invited. Shipwork a speciality. 


Telegrams : DOGBERRY, LONDON 4417 


4,443, ELECTRICAL Revizw offi 


“VULCAN 


‘HARBURG INDI1A-BUBBER CORB ‘COMPANY. 
| London Warehouse: Fr. WINTER, ye 
138, LONDON WALL WOOD STREET E.0. 


EBONITE. .. 


CHRAP PREPAID ADYERTISEMENTS, 
Relating to Situations Vacant, Situations Wanted, Businesses 
Wanted, Businesses for Sale, Patents for Bale, Specific Articles ‘ef 
any kind Wanted, or for Sale or,’ Bachange, are inserted at the 


rate of ONE PENNY Per Word (evinimum 1s.). 


Three consecutive Insertions for the Price for Two. _ 


of electric light wiring, to take charge of a Pye office near verge 
Apply by letter only, stating pee on: and salary expected, to 
ELgecTricaL SUPPLIES Company, 

Charing Cross Road, W.C. | 


Liurrep, Paraday — 


ORKS MANAGER. Advertiser who has had # À | 
ufacture of | 


ce in the man 
fittin and who is scguaiod with the most tmaproved English — 
saving 
systems working, ‘will ‘open to engagement.— 


Wy AED. by an important firm of electrical en engineers, a 
me ie electric lighting work ‘in London. Small 
salary and commission. State age and sh sa 4,445, 


Exuecrricat Review Office. “us 


RAUGHTSMAN, well. up in Central Stations, Dynamos, 


Engines, Switchboards, &c., Eight years’ with 


leading firms, seeks engagement. T 


craicaz Revrew office. 4438 


AES seeks situation as Electrical Engineer in 


of Private , or assistant in a Central 
Station. had considerable e ence. . Good testimonials.— 


Address, “ A. B. C.,”? Ezxcrricaz Ravixw office. 4439 


A ENGINEER-ELECTRICIAN, who speaks 
French and Spanish and a little English, desires occupa- 


tion with an Electric Light Company for the sake of acquiring the | 


English language. Remuneration not required.—Apply to H, Ata- 
BASTER, 22, Paternoster Row, E.C. “uu 


AE (28), some time in charge of testing depart- 
ment and recently assistant fgetory manages in large elec- 
Good references. 
Paternoster Row. 


trical manufacturing firm, seeks 


on nest Page.] 


THE ELECTRICAL 


STANDARDIZING. TESTING TRAINING INSTITUTION 


%. 3 


THE WORK UNDERTAKEN BY THIS INSTITUTION IS aS FOLLOWS — i 


Electrical Instruments. 
esting Electrical Instruments. 
Installations. 


For full particulars apply to the Seoratary, Faraday House, Oharkig Cross Road, W.C. 


Reporting upon New tnventions and 
Training Electrical. E eprs., 
_ Experimenting. on. : of Inventors. . 


estimonials.—A pply, 4,488, 3 
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à pe especially in chemistry, electricity And mechanics, 

in the applications tine to tedhnical processes, such 2 

manufactures, n, and.ingtallation of 

ven tor and patentee | 
©, Wheeley’s Boad, igmingham. 


. 4486 

et electrical business, ith 

getie man Ve with 

and £1,000 required, Electrical kno 
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purchase ; old wites,-talile core, &o.; 
acid bottles, valves, 


+  Consult 


ié | 


POPULAR ILLU JSTRATED JOURNAL DEALING. 
ELECTRICAL MATTERS. 


& Warehouse: 63 “Queen Victoria 


Lise 


des INYEN TIONS 


? 


6 BOULEVARD DE STRASBOURG. | PARIS. 
| Biateon Pages, Half-Monthly, Flustrated. 
SUBSCRIPTION : 68. Yearly, 8s. 6d. . Halt-Yearly, Post Pree 


15th YEAR. 


1880. 
THE 


Railway gineer 


ustrated Monthly of Machinery and 


‘MON THLY, SHILLING. 


A Valuable Work for Reference, illustrated with large 


LITHOGRAPHED WORKING DRAWINGS 


Stock ; Bridges and all 


ANNUAL SUBSORIPTIONS, IN POSTAL UNION, ls. 
(Payabte Postage.) Specimen Copy Post Freel. 


OFFICES By CATHERINE ST STRAND, LONDON, W.C. 


FRAZER'S’ 


EN 


MANUFACTURERS OF pom KINDS OF 


‘ELECTRIC CABLE Casines 


COVERINGS. 
SPECIAL IPATTERNS ON SHORTEST NOTICE. 


: Lowest Prices on application. 


\LECTROLYSIS .—A scientific man of reputation and wide ex- | a 


~ by re 


selves as to what the- best, continue 


““instance ‘of ane important 
“tn these incidentals to an installation we 
would call the attention of those of our = 
friends. who‘: have not been using: thew] 
. to our Patent Safety Cut- Out. 


| best Cut- Outs à in the market, and for. 8 Wi 


others possibly as “neat, as 
effective under ordinary circumstances, and 


to put a larger fuse than is proper fa 


| bases and may be had wm either single Or 


1000 FEET AND UPWARDS CARRIAGE PAID TO LONDON. | 


> 
* 


It is, perhaps,pow almost 
to point out the for only the best. 
of everything pr À ‘used in electric light 
installations. S till, there are some 
who, either from a mistaken -notion..of 


economy. or for want of satisfying: 


use antique types’ of switches and cute. 
outs which ‘were’ considered good ens 


five years since but which are } 
place generally to improved types, 


ball 


_ These - have now been “recognised, as the 
important reason, that ‘although there are 
as well constructed, yet there is not another 


Fuse Block to be obtained into which. tb 
is not possible, either wilfully or ares 


à L 4 
a 


the circuit’ to be protected, thereby defeat- 
ing the very end for which the Safety | « 4 


Fuse is inserted in the system. De 
T'hese Cut-Outs are mounted on + 


double pole ; they are not and | 
ore undoubtedly the best. 


B. VERITY & soi 


King Street, Covent Garden, and 
187, Regent Street, London. 
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OLTMETERS 


For Engine Room use, 
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YNAMOS. 


w 


Araatres and Ml Cl 
VENTILATED INSIDE. 


Long Bearngs. Clean and Boonomical Lubrication. Standard Goolden Overigpe bull 
GHEAPER than any Dynamos with Gramme, Drum and Bar Armatures. 
working with same MARGINAL FAOTORS HAVE BEEN IN ALL 


_andatsame LOW TEMPERATURE. ah 


(a toverey test 


of this 
OTORS 
STRONGLY BUILT. 
Will drive machinery dizest with Spur Gearing, withou t breaking down the armatures. 


HIGH EFFICIENCIES. 


TEAM DYNAMOS 


FOR ANY OUTPUT. 


DYNAMOS and MOTORS 


STEAM DYNAMO for ELEOTROTYPING- 
to Ordnance Surrey Dept. 


WoooFie.o Woaxs, Harrow 
LON DOI. w. 
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ELECTRIC 


(FRANCIS TEAGUE, Manager), 


Telephone No. 7,629. 


MANUFACTU TURING. ELECTRIC & TELEGRAPH ENGI 


Contractors to EX. Wer Office, 6. P. dy bandon Council, te 


WITH PATENT ADJUSTABLE RUBBING CONTACTS. 


‘TYPE TO CARRY 
FROM 
TO 450 AMPERES, 


| 180 TO 4,000 AMPERES 
SIX-WAY. SWITCH. 


HIGH TENSION 


“ ‘SOUNDER, | 4 
\ 
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À Double Pole Quick Break Switches FE 
100 to 500 Amperes always in Stock. 


Ta 
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Kiso a great Variety of Lampholder, i 
Ceiling Roses, Wall Plugs, 


(Made to read up to 1,000 Volts and 1,000 Amperes) 


aH COMBINED AYRTON & PERRY MAGNIFYING SPRING VOLT AND ANR MES 2 


AYRTON & PERRY'S NEW PATENT TWISTED STRIP AMPERE AND VOLT 


Cockburn’s Safety Fuses, absolutely Modern Designs and High-Class bao 
Reliable. -manship. | 
- TYPE TO CARRY FROM 15 TO 200 AMPERES. 4 

ALSO MAKERS OF THE 


| Works & Offices : FERDINAND STREET, CHALK FARM, Ke 
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Hole Manufacturers of Improved Patent Cockburn | 
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"MANUFACTURED. DIRECTLY UNDER THE SUPERVISION OF ds 


2 vd “ 


3 CERTIFICATE, VALUE IS SEN! WITH STANDARD 
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STANDARD CELLS--bi: Muirhéad's Patent 


YHA Hat 


hs RESISTANCE COILS, THOMSON -&: VARLEY:S 


Apparitas for Working Submatin 


Appira'us f r Duplex Telég'aphy on.” 
… Submarine Cables (with Dr. Muir- 
“he d’s latest improvements). 

~ Muh head’s Inductive Resistance for 


THOMSON & VARLEY’S SLIDES (Muirhead’s Pattern). 


APPARATUS SUPPLIED TO THE FOLLOWING CABLE COMPANIES :—Eastern detserapn Con- 
pany; Eastern Extension Telegraph Company; Eastern and South African Telegraph Company; | 
African Direct Telegraph Company; Brazilian Submarine Telegraph Company; Anglo-American” 

ph Company; Direct United States Cable Company; Western Union Telegraph Company ; 
rcial Cable Company; Direct Spanish Telegraph Company. 
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| & Electricity, Manual of. 
| With numerous IMustrated Experiments and Examination 
Questions.—By Anprew Jamieson, M.Inst.C.E. Cloth, 


post Free... L,, Post Part 


Incandescent | Wiring 1 Handbook By F.' B.. 


Bapr. 41 Illustrations and 5 Tables. Cloth, 48. 6d. 
_ Post Free, 


Dynamo Tenders Handbook By F.B, Bu. 


Electric. Light i its. Production and Use By 


Joux W.UrquHaART. 4th Edition, Revised and Enlarged. 
Numerous Illustrations. Cloth; 7s. 6d., Post Free. 


ww 
2 LL 


Potentiai, and its Applieativil t to thi ‘Explanation 
of Electrical Phenomena, Popularly Treated.—By Dr. 
Tumuez.: Translated. by D. Rosxrrson, M.A., LLD. 

B.Se. Cloth, 7s. 6d., Post Free. 


Kirchofs ‘Laws: sand their Applications.— | Blectrio Telegraph. - 


> 
Ne. 


The Wire Table. | 


 <Compiled by Wisrezn Bour, Assoo.M. Inst C. E. 
Cloth, 6s. ‘6d., Post Free, | 


Practical Electric Li ghting.— By A. Browze | 
Hozuss, M.Inst.C.E. 4th Edition, with 89 Illustrations. 


Cloth, 3s. 6d., Post Free. 


Electric Light Popularly Explained.—By A. | 
Bromiey Houmes, M.Inst.C.E. 5th Edition, with 30 
Cloth, Post Free. 


<.{ 


Eleotro-Deposition, itheory and Practice 


By Dr. G, Cloth, 2., Post Free. 


Practical information ‘for Telephonists 
Locxwoop. Cloth, Be. Post Free. 


Electricity in our and ‘Workshops. 


By Sypnzy F. WaLKER. With numerous 
Cloth, 5s., Free. 


Elementary Principles of Electric Lighting. — 
By A. A. CamPBELL Swinton. With 16 Illustrations. 


Second Edition, -Cloth, 1s. 6d., | 


= 


Evolution of the ‘Incandescent! Lamp. 


Rules and Tables. Prof Rasa 
3 | 108: 6d.j Post Free. 


F.B.S. | 


The the : Micro phond 


_ Phonograph.— By Count Du Moncez, 70 
8rd’ ‘Edition. Cloth, 5s., Post Free. 


Metric Mossures.—By LATIMER Cuan 


63., Post Free. 


Wrinkles in | Éléctrio 


STEPHENS. 3rd ‘6d;, Post Fra 


| ‘Modern Practios of the Electric 


_ By Franx L. lors. 


n, Rev 
Cloth; 9s. > Rost Fr” 


Frank L. Post Free, - 
| 


and 
‘Epwanp B. Lueur, 


Alternating Currents: of. 
43. Gd., Post Free. | 


Submarine Telegraphy, The Rise’ 


‘Cloth, Free. 


Electric of Energy, alt i 

- Transformation, Sub-division, and Distribution. =a 
.. Gisèeer Karp, C.E., M.LEE. With 130 Woodeuts sai 
: Diagrams. 8rd Edition. ‘Thoroughly rerio 
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_ “M,A., Vice-President. of the Institution of 
| Engineers. 106 Woodcuts and Diagram 


Electrical Influence Machines: their Historiol 
Development and Modern Forms, with Instructions fr 
waking them. By Joux Gray, B.Sc., A.B.S.M., 

M.P.S. 89 Illustrations. 4s. 


Post Free. 


Any of the above Books can be had sending 
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Electric. Light and the Manige | 
ment of Accumulators.—By Sir Davip | 
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SEND. AT ONCE TO. 


| . ing and Fuse Boards, Main Switches 
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LONDON, E. C. 1 
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for their latest 
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PART I _Switchboards, I | 


: to carry from 20 to 4,000 : amps., Regu- 
lating Switches, Branch Switches, ||| ' 
_ the Patent “Nipper ” Switch, Ceiling. || ' 

Roses, Fuses, Edison-Swan Lamp | 
holders, the Patent Wall Socketys | 
dé Measuring Instruments of all kinds, ° | 
Fittings, Brackets, Standards, Elec- 
Glassware, Cables & Casing. 
| PART II.—Bells, Indicators,. 
Pushes, 


FACTORY: 
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VALVE. 
pp Ta Sis ton an 530T-H.P., with One 


| (PATENTS or 1884 AND 1885), 

suited for Condensing or for the ‘direct of ‘Wigh-Bpesa 

es, such as Dymamos and Fans, or for Driving General Machinery by Belts or 
oe Gearing. It is now fully established that they poses Extraordinary Freedom from Wrear, a all 
eee are in “ constant thrust” (which is not the case with many Single-Acting Engines), and are Self-Lubricated. Their Mami 
Sy | giseand Weight, while advantageons in all cases, fit them for uses to which the majority of engines are inapplicable. Al 
| the smallest sizes are made either Sim pl or y, 
je Braïlable, and recent trials show that they w kwith.a 


||" SMALLER. CONSUMPTION OF STEAM 


a [ Tun amy other type of engine in the market indicating equal power. , Fon-Condensing, « consumption of steam as low as 18:2 lbs 
4 por LIP. per-hour has been recorded, and the “Makers «re: prepared to Guarantee that the larger Condensing Engines 
1: weak, leant, as economically as the best class of Compound Corliss advantages in 
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{| ae THE WILLANS CENTRAL-VALVE ENGINE 18 WITHOUT RIVAL 

FoR ELECTRIC LIGHTIN | 
Bei: For which purpose several hundreds have already béen applied with the utuiost imccess! ‘Engines are on orde at the present | 
time for the most important Public Lighting Stations now under construction in England, and pre 
Engines already supplied, or now on order, exeeeds 


| Thirty-Thousand Horse-Power.. 


| , 


Telegraphic Address : GLASGOW.” 
PRICES ON. APPLICATION. 


{hese Lamps were. used for Lighting Grand, ‘Hall, doi 
Edinburgh Ælectrical Bzbibition, 
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79, ‘COLEMAN ‘STREET, 
CHICAGO, NEW YORK AND ANTWERP; / he 
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economy of distribution. A Central Station.may consist of the 
very finest:engines, boilers and dynamos, but througli-d. f 
| system of distribution the company may Sail to earn a dividend. | 
.. Crompton’s System of Main Laying is simple, aff 
economical, both in first cost and that of up-keep. ‘ olt eas | 
one which-gives:complete access to the. conductors for ‘inspection, | 
repairs, or-attachment of additional consumers, without any | 
further disturbance of the surface of the streets or..footway. | 
There are 40 miles ' already laid’ on this system in London, | 
, and upwards of 20 in.N orthampton, Birminghan 
| and other towns. In France, and the Con nent ger 
Bare Conductor System is largely üsed, and an order 
received this. to lay a. them mains on | 
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GROMPTON & co. La.” | 
| LONDON and | 


“101 1 & 102, ST. MARTIN'S LANE, LONDON Ww 


TESTING AND TRLRGRAPH INSTRUMENTS. — 


SUBMARINE MINING APPARATUS, ho. ‘CONTRACTORS To. ELM. 


His Paris Rbition 4880, Only “Grand Prix” to any 


Telegraph Address: LONDON. relephone No. 3852 
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IN SOLD MAHOGANY OR MK CASES, 


WARRAN TED NOT _WARP. 


MARVELS OF SIMPLICITY 


me most perfect and simple indicators yet invented. Never fail; Nop 
or delicate to get out of 


J ENSEN ELECTRIC MANSIONS. 
‘and HOTELS, 


SYSTEM. 


2 
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TELEGRAPH, 
TELEPHONE, 
RAILWAY, 
~ MINES, 
ESHIPS, 

FIRE, 
BURGLAR, 
ROST, 


And all kinds of 
SIGNALLING 


À 


“ALARMS. = 


SHOPS, . 
OFFICES, 
FACTORIES, 
SCHOOLS, 
COLLEGES, 
CHURCHES, 
“CHAPELS, 


“And all Kinds of 


"SPEAKING NQ TUBES, 


THÉ VIBRATING INDIGATOR, 


Requiring no replacement, and not liable to get 
out of order, can be strongly recommended 


“RETURN SIGNAL INDICATOR 


QUEEN VICTORIA LONDON, EC. 


isto. Aix the fine wite'$o the terminals. loator, for | 
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Telephone 
‘No. 3188 . 


THE JOURNAL AND ELECTRICAL REVIEW. 


Mr. J 


“PATENT AND CONSULTING 
orfo 


FRANCIS M. ROGERS, F.C.S., ALEE. 


“Consulting Ekéetrigian and Patedt Agent, 21, Pavement, 
t; Reports, and 


4 yéurs# practise in Patent Work. ependen 
inspections Tarbines, w erwheels, 8 Steam En for any any fall or power. : 
4 


JAMES PITKIN, 


"Philosophical and Instrument Maker 


56, RED LION ST., CLERKENWELL, LONDON, EC. 


= HOLDEN'S Electric n hs, Volt and Ampère 

‘and a Keys, Hydrometers 


PITKIN’S Electric Hand Gunpowder Mills, Coat: | 


| CHINA AND. PORCELAIN SWITCH, 


PITKIN N Explosive Gaë g, | 
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GARRETTS MAGNETO BELLS & TRANSMITTERS. 
| PRIMARY AND SECONDARY: BATTERIES, 


ELECTRIC BELLS AND INDICATORS, 


G. LORRAIN, MIEE, MIME, te, 


CEILING ROSES, CUT-OUTS, PUSHES. 
‘BURCKHARDT & RICHTER, Muids, Germany. -| Bue 


PRACTICAL = 
14, FETTER ‘LANE 
| | SPECIALITY.-SMALL ELECTRIC AD 


: Materials at very lowe ¢ 


| COpposite the Record Oficsy 


Manufecturing 


Lig 


WORK, EXPERIMENTAL 208 


Lists and Quotations, 


ALBERT STREET WORKS, BURSLEM 


MANUFACTURERS - or 


Boreured and Plain, 


 LAMPHOLDERS, CUT-OUTS 


SUSPENDERS, CEILING ROSES, pat 


WILLIAM WOOD & 60; 


THR BERNSTEIN ELECTRIC LAMP 60. 


CGEMITED), 
2, ‘WARLAOROUGH MANSIONS, VIOTORIA ST. LONDON, sw. 


OWNERS of the BERESTELM SYSTEM of ELECTRIC LIGHTING 


€@ The lamps of thés Compil are of low resistance, and 


BRASS, GUN METAL: 
, \PHOSPHOR BRONZE 
CASTINGS 


\ INGOTS, 
3 PHOSPHOR. TIN, 


ALBION METAL WORKS, | 
WOODCOCK STREET, 


BIRMINGHAM. 


ELECTRIC WIRE CASINGS. 


Mouldings in all woods, . 
4, PAVILION ROAD, ’ SLOANE SQUARE, SK, 


Branch Yard: 66a, Poland Street, Oxford Strect, W. . _. 


CHINA FITTINGS USED BY 


 ENGINBERS, 
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INSTALLATIONS.FOR HOUSES, 
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“MÔLGHER ELECTRIC LIGHT & POWER COMPANY, in 


ÂRE NOW MANUFACTURING SPECIALLY FOR THE 


“B AT R s A” | BATTERSEA 


DYNAMOS. MOTORS. 


4 | BATTERSEA "= | | TRANSFORMERS oe 

DYNAMO 


312) 
| for allogu and Particulars pl) TER MANAGER, BATTERSHA FOUNDRY, 


JOSHPH BOURNE & SON, 


MANUFACTURERS OF THE WELL-KNOWN 


STONEWARE TELEGRAPHIC INSULATORS: AND ‘BATTERY JARS. 


rown 
_ and Durability combined _ Prise Medal, Paris Hlectrical Bahibition. 


Special Shapes for Telephone and Electric Lighting Wires. 
Works: DENBY POTTERY, NEAR DERBY. | 
London Office: NEW ST. PANCRAS STATION EUSTON ROAD, M.W. pe 


BRIGHOUSH. YORESEHIRE), | 
Bron and Æteel Wire Drawers and Galvanters. 


TELEGRAPH, TELEPHONE AND CABLE WIRE, 
Rct Contractors to H.M. Poctmaster-Ceneral, the Indian and Colonial Governments and leading Railway Companies 
LB. SPECIALITIES :—FINE SIZES OF H.C. COPPER, GERMAN SILYER, &c., WIRES. 


IMPORTERS OF FINE AND ACCURATE 


AMERICAN 


QUICK SPEED 


MILLING MA MACHINES, 


SENSITIVE po 32nds. 

WITH ONE FINE TOOLS IN GREAT 
OR MORE SPINDLES. u 3437 

HEAVY POWER Providence 16 Differant Designs. 
DRILLS. SEND is. FOR ILLUSTRATED 
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CHARLES CHURCHILL & CO.. Ltd., 


| 21, CROSS STREET, SBURY, LONDON. | 


GALLENDER’S BITUMEN TELEGRAPH & WATERPROOF Co, 


™ 


*LIMITEHD. 

101, Leadenhall Street, LONDON. “ CALLENDER, LONDON.” Telephone, No. 1,185, | 
| _ LIVERPOOL: 36, Dale Street, 
Works: ERITH, KENT, ‘Telegrams: “CALLENDER, PICARDY.”  : 8,11. 


UNDERGROUND MAIN Ss 
LAID COMPLETE ON CALLENDER-WEBBER OR SOLID BITUMEN SYSTEMS. | 


LEAD SHEATHED WIRES AND CABLES 


FOR UNDERGROUND WORK, HOUSE AND FACTORY MAINS AND’ SHIP WORK . . 
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PRESSEL SWITCH, 

5s. 

Pressing the Button 
alternately Lights and 
Extinguishes a Lamp, or 
group. 


IMPROVED, 


NN 


SPECIAL 


Specially suited fog Testing the Conditions of Accumulators. 


. LARGER SÜALE, : 
NEARLY DEAD BEAT. 


SOLID LEATHER GASES, WITH SLING STRAP, 10s, EXTRA. 


UNDER LICENSE 
FROM THE EDISON-SWAN CO: 


WALSALL HOLDER, 


AS IMPROVED, 
Has SLATE Base, 


AND MAY BE-REMOVED FOR WIRING, 
BUFFERS & DISCS BEING SAFELY RECESSED. 


WALSALL ELECTRICAL “Co 


| 
| 
| 
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xvi Lin 
WALSALL HOLDER . 
| | HOLDER, +: 
—T =. 
| | | 
— 
f > 
| = 1 
NEW PUSH SWITCH, 
e Press Once to Light the | 
si Lamp, which is Extinguished 
by a Second Push, 
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NOTICE. 


RAN KIN KE NNEDY, fos SHETTLESTON, 


facture th London, in that 
LENNEDY was the e first em ih 1881 4 ndon, fear, 


desi mbined or 
are now the most ‘ch or without the altern moters in | 
Alternating current motors Made mp very Cheap. only goad ating 


MAGNETO. WORKS, SHEFFIELD. | 


éééees 


SOREIALITIES of STEEL and STEEL WIRE adapted to the INSTRUMENT and ELECTRICAL TRADES. 


—_ MAGNET STEEL of the highest ‘efficiency. 
| dé cc IRON, ABSOLUTELY PURE AND DIAMAGNETIC. 
vi TOOL STEELS—ALL DESCRIPTIONS. 


STEEL in all dimensions. COLD ROLLED STEEL tempered and polished in stipe, 


SPRINGS, HELICAL, SPIRAL, OR TO PATTERNS. 


Sia Wise in all gauges. Polished and Plated Music Wire, 


Transmis of Power; ysis in in ali branches, &o., &c. 


50, 100, 200, 400, 700 and 1,000 WATTS. 
_HAND-POWER DYNAMOS. |. sapxwrs. 
CONTINUOUS GURRENT imatayp: the United Raginering Go 


(FOR SLOW SPEED). 
= ~~ Price Lists and Particulars Free on application, ~ 


AUSTIN & Hors, ARMLEY, Zi 


— 


EDS 


ds — 


THE NEWTON ELECTRICAL ENGINEERING 


THE # 
tf 


NEWTON & HAWKINS’ 


PATEN 


AUTOMATIC 


NEWTON ARC Lamps. 


And every Requisite for Electric Lighting 


and Transmission of Power. 3908 


ams: “ARG,* TAUNTON. :. 
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THE TELEGRAPHIC JOURNAL AND FLECTRICAL REVIEW 


SPEED 


FOR USE WITH 


Electrical Installations and with General Machinery, | | | « 


AS MANUFACTURED. 


BY US FOR 
BRITISH ADMIRALTY 
C 


| 

ROBEY & CO0/8 COUPLED COMPOULD HORIZONTAL FIXED ENGINE, WITH PATENT TRIP GEAR, ime 
FOR CENTRAL ELECTRIC LIGHT INSTALLATIONS. | 

Some of the advantages secured by the use of, this Expansion Gear are ;—Great Kconomy in Fos 

Perfect Regularity in Ranning, Absence of Friction, Simplicity of Construction. Tele 


ROBEY & CO., Globe Works, LINCOLN 
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Telegraphic Address: “ ANYWISE, LONDON.” 


THE NEW DRILLING MACHINE 


Will bore Square, Hexagon, or any shape of Hole at one operation. — | 
PRICES AND PARTICULARS FROM "18 


Ti SQUARE DRILLING MACHINE COMPANY, Ltd., 35, Parliament tee, LONDON. 
INSULATORS 


ALSO BATTERY JARS, PRIMARY AND weap shige. AND POROUS CELLS. 
SONS & CO., Te, berest, LONDON, E.c. 


ERNEST SCOTT MOUNTAIN, 


NEWCASTLE-ON-TYNE 
Glectrical and General Engineers. 


TYNE DYNAMOS, 


“TYNE TRANSFORMERS. 


_ 


home and 
SPECIAL TERMS TO THE TRADE. . 
Catalogue on application. 


Close Works, | Newcastie-on- 


SOUTH AFRICA. ” Johannes- 


 BRITANNIA WORKS, GAIN SBOROUGH. 
Tendon Offices, Showrooms and Stores : ‘MARSHALL'S BUILDINGS, 79, FARRINGDON ROAD, E,C. 


PERFECT 
REGULARITY 


| Improved Horisental Mined Engine, with à Moore’s Patent Grankahaft Governor 
. and Balanced Slide Valve 


SPECIALLY ADAPTED FOR ELECTRIC LIGHT WORK. 


Sagres jo Works: “ Marshalls, Gainsboro’.” | Télephone No. 6,648. _ Telegrams for London Ofice: “ Engine, London.” 
Illustrated Catalogues, with Current Prices, free on application. 
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INDIA-R USBER - COMPOUND 
SECTION OF SHEETING 


Ÿ 


PATENT. 


The above, which can only be obtained from this house, is | 
cesognised as the Most Efficient and Economical Jointing 
Material in use. It is composed of a specially-prepared 
India-rubber Compound, protected by a covering of Yul- 
canised Asbestos Sheeting, as shown above, and asit 
is the only Jointing Material which adequately 
} combines PERMANENT ELASTICITY WITH 
1 HEAT RESISTANCE, the advantages it 

possesses will at once be seen. wi 


“a à 


“pros 

MANCHESTER : Cable Street, \ OG B 
Blackfriars, N° 

JIVERPOOL: 2, Strand St., James St, 


BELFAST, DUBLIN, ANTWERP, BERLIN, 


A / 
# e . 
2 a 
LL 


SECTION OF SHEETING NS: 
A » 


Paced Joints to any thickness for uneven surfaces, 


at 


will adapt itself to uneven surfaces to which it may be 5. 
plied, and allow the expansion and contraction to be fally 


taken up. The covering be'ng of Asbestoë tears 
3 a protection to the centre and sq prolongelis te 
ticity. For Manhole, Mudhole, Steam Pin 

sand Mash Tun Door Joints iit is 
and if applied as directed a ring can by 
used many times over... - 


GLASGOW: 35, 


2. 


BARCELONA, TRIESTE, LISBON & GENOA, 


| BELL'S ASBESTOS BELL'S ASBESTOS 
| BOILER PRESERVATIVE | YARN & SOAPSTONE PACKING 


_ Will effectually keep Boilers clean and re- | 1s the BEST LOCOMOTIVE PACKING méde. 
move any Incrustation, without injury 


' »to the Boiler Plates or Fittings. 


ast 


COMPOUND HYDRAULIC PACKING 
18 SPECIALLY SUITED FOR . 
HYDRAULIC MACHINERY, ACCUMULATORS AND AMMONIA 
AND ALL PUMPS. 


AGENTS.—BIRMINGRAN— BELL & Co., 7, John Bright Street. CARDIFF: BELL & Co., 135, Bute Fe | 


saves 40 per 
cent. of fuel. 


Is sent out 


dry in bags 
therefore 


Bvery Cask is sent out ab above. 


e 


| 


“BELL'S: ASBESTOR- | 
| NON-CONDUCTING COMPOSTIL | 


| 
—_— | THE TELEGRAPHIC JOURNAL ‘AND ELECTRICAL REVIEW. May 
| 
| G Wa al 
| À — 
à kegs ar 
Made from 1-Ply for Cylinder and =| Es 
| 2» ; 
The Centre from which the requisite elasticity is de. ASBE 
| 
| 
‘| 
| = à = ~ À | 
DEPOTS 
> 
FARK |! 
K, L 
| are th 
| 
| BELL’S ASBEST LUBRICANT | | =. 
| I Expan 
| rapbe 
| 
| Any customer receiving AA shown, 1s earnestly re- . 
| + | OI sold as Bell's Asbestos ‘quested to forward us 
| | Lubricant, & Cask, Drum, * | 2 sample and particulars à | 
| | | 1% . | 7 # 
| | or Corks not markad as where obtained. 
| | | WORKS. 4 ty AA \Y | 
| | (eS: à 
| Drums are marked as above, | | all Corks are soale®® | 


ASBESTOLINE is the moet efficient Lubricant for all earings. 

ASBESTOLINE is the cheapest Lubricant. | SS 

mm ASBESTOLINE is the Cleanest Lubricant. 

i) ASBESTOLINE is favoured by Insurance Companies. — 

ASBESTOLINE is the most Inodorous Lubricant. 

| ASBESTOLINE is the safest Lubricant, its flashing point being 700 F 

| ASBESTOLINE has besten all other Lubricants in making trials. . 

ASBESTOLINE is applicable in and out doors in every climate. 


a1 ESTOLINE, to meek all circumstances, is made in four ASBESTOLINE C. is fo 
ESTOLINE A, is specially adapted to ordinary Land | when the temperature fs 
2 Engines and Machinery, in and out-door, in this country. DROLE id or Das 
temperate climates, w desirable and sometimes rantageouily 
Lubricant stiffer then À. 


The repatation of Asbestoline as a lubricant of the highest efficiency in every kind of machinérÿ-1s entablishied, and It has never been equalled by any other lubrisant 
in the numerous cases ef special difeulty in which the best oflé are ineffectual. This reputation is grewing dally, because it ie based on the experience of 
thousands of users under the severest eiroumstances any lubricant has ever been subjected to, and not on mere laboratory tests and analysis 
of insignificant quantities. It is used with marked success in Steel and Iron Works, Collieries, Cotton and Wool and other Textile Manufactories. In Cern Mills it 
has preved invaluable on the In Saw Mills, où Machines 5,000 revolu work, never been apgrenshed 
by ay ether lubricant. On Electric Lighting Machinery, and in Steamships of all sizes throughout the world, the success of Asbestoling is unequalled, Many engines and 


SUPPLIED IN KEGS, ‘28 ‘Ibs., 66 Ibs., or 


| SPECIAL TERMS FOR LARGE QUANTITIES. 


IMPORTANT TO EXPORT MERCHANTS.—-One Pound of Asbestoline ” equals 2 gallons of Oi! 


ebnsequently the in is very considerable. Liberal Terms are conceded to 


i 
‘ 
: 


Pa this registered title are included the inventions of Mr. Field, and experience has Be to be 
THE MOST EFFICIENT, DURABLE, AND ECONOMICAL PACKINGS ever made. They constitute such a 
combination of Asbestos and India-rubber as secures the maximum of elasticity and heat resistance, and they 
tre therefore UNEQUALLED FOR EVERY KIND OF ENGINE. These Packings are being universally used by 
most of the leading Steamship Companies throughout the world for ordinary Compound, Triple, and Quadruple | 

on Engines of the latest type. These Packings are composed of Rolled Asbepes Cloth, but the India-— 
is placed in two forms to suit various cases. | 


“> KS In ordering, state whether square or round required. = 


ASBESTOS LIMITED, 


Cable Street, Blackiviars. LIVERPOOL : 2, Strand $, James St. HULL: Humber Dock 


GLASGOW: 85, Robertson St. DUBLIN, BELFAST, ANTWERP, BERLIN; BARCELONA, TRIESTE, LISBON, à GENOL. 
BIRMINGHAM: BELL & CO., 7, John Bright Street. ‘BRISTOL ROBERT STOTESBIURY, 14, § 


CARDIFF: BELL & CO., 136, Bute Street. & Ba 


requires no special application. “BELL'S OS. 
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LARGE ASSORTMENT 
STRAIGHT BRIGHT DRAWN 


RODS IN 


| 


| EST A lw 


KING 
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YORK ROAD. 


LIMITED. 


Offices 
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| IRON, STEEL, AND BRASS, 7 1 >< 
ROUND, SQUARE, 
_ AND HEXAGON SECTION 


Ex 


CONTRACTORS TO 


THE | 

WAR OFFICE, 
ADMIRALTY, 
POSTAL TELEGRAPH DEPT, 


A 
F 
LA 
L 
is, 
q 


HER MAJESTY’S GOVERNMENT 


&c. 
* 


| 
| PARIS, 1880... | 
Z | | 
| | | 
| N r | A 
pi | | 
| 
— SSSR 
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| SOLE AGENTS FOR J. O. MOUCHEL’S HIGH CONDUCTIVITY COPPER Wik 
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No. i, | 
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“ COMBINATION TELEPHONE as shown here 
‘Serves for a thoroughly practical and efficient 
telephone line, 
Price for each Station, with Oall-Bell and 
Battery complete, for lines up to@ miles. @ 19 6 
Do. do. do, ‘Sbove 2 


POWNALL ROAD, DALSTON; LONDON: 


8, PRINCES MANSIONS, VIOTORIA STREET LONDON 

187, WEST REGENT STREET, GLASGOW : AND. 

EAST DOCK BUILDINGS, DUNDEE; f | 7 
any of whieh th ean De en ad 


COOPER 


ELECTRIC LIGHT AND TELEPHONE ENGINEERS, D 
MANUFACTURERS OF — ARC LAMPS, MEASURING INSTRUMENTS, 


Telephone No. 6428. 


a 


ESTABLISHED 1870. Telegrams: “Flexible, London.” 
SILVER MEDAL INTERNATIONAL ELEOTRIC EXHIBITION. 1889. 


PHILLIPS BROTHERS, 


MANUFACTURERS OF CABLES, WIRES, &c, TO ANY. SPECIFICATION. 


MULTIPLE CABLES, AERIAL AND SUBTERRANEAN. 


uber, and Compound Wire 


FANCY BRAIDED WIRES OF EVERY DESORIPTION. | 
OOTTON AND SILK OOVERED WIRES FOR DYNAMO MACHINES, MAGNETS, 


SCHOOL OF 


ELECTRICAL ENGINEERING 


AND SUBMARINE TELEGRAPHY. 


ESTABLISHED IN. 1868. 


HANOVER SOUARE, LONDON, 


CONSULTING COMMITTEE. 


GISBERT KAPP, Mlnst:CE 


| DRUGMAM, M.Inst.EE. 
Machines and Electric Motors, end 
. well as several kinds of Are and 
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| Blectrical Engineers and Rubber and cu 
Perche Manufacturers. 


2, 


CABLES, WIRES, INSTRUMENTS, INSULATORS, DIR 
MAGHINES, MOTORS, ARC LAMPS & FITTINGS, 
| CARBONS, TORPEDO APPARATUS. 


| Underground Electric: Light System for High and The only 
. has given complete satisfaction. 


entered into. {or the ERECTION ahd EQUIPMENT of CENTRAL LIGHTING STATIONS, the LIGHTING af ui 
and the supply of COMPLETE PLANT for ELECTRICAL TRACTION and TRANSMISSION of 


| VULCANISED INDIA RUBBER. 


dé af 


|| OBE, DRIVING BANDS, STEAM PACKING, WATERPROOF GARMENSS 
| FABRIOS, SHOE SOLES, MATS, VALVES, BRAKE BLOCKS, WHERE 

for GABB, CARRIAGES, ‘BICYCLES, &c. SHEET, WASHERS, 
|| — SPRINGS, TUBING; SOLID CORD, FOOTBALL LAWN TENNIS” 
+.  ÉBONITE - 
| my WINKGAR OR MYPROCHLORIC OR ACETIC. q 


SPECIALITIES IN EBONITE FOR CHEMICAL WORKS, 


INSULATORS, BATTERY CELLS, SPEAKING TUBES, SHEET 
.: SURGICAL APPLIANCES, PHOTOGRAPHIC ARTICLES, SOREW 
4 GUTTA PERCHA. 
| TUBING, BELTING, BUCKERS, BOSSES for FLAX SPINNING, GOLF BABIS 
| TISSUE. | 
—BSTIMATES PRICE. [LISTS ON “APELICATION: 
HEAD OFFICES. | ‘WAREHOUSES. 
‘CANNON ST. LONDON, 1001104, CANON ST | 
| 
CARDIFF....: . Pier 
WOASTLE-ON-TYNE. 6, Neville Stress. 
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